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Points of view 


TRANSISTORS figure very much in the news today and for many people, 
these devices have achieved an almost mystical importance. Whenever 
new equipments are discussed, the first question that is asked is—‘ will 
it be transistorized ?’ 

To use them in portable equipment, or where power consumption is 
important, is obvious. For many static installations these considerations 
are not always important and the use of transistors should be considered 
primarily in terms of the other advantages that may be obtained. 
Where a reduction in maintenance is considered vital, the use of transis- 
tors could be a useful means of achieving this end. 

As an example of this approach to transistorization, one could take 
a receiver of the commercial type— which could be in almost any fre- 
quency band. Such a receiver employs a very large number of valves 
working in complex circuits. These are mounted on fairly big chassis 
and this fact alone makes maintenance a complex task. Maintenance 
could probably be simplified if the arrangement of circuits on any one 
chassis could be broken down into functional units, thus assisting 
diagnosis and making it easier to replace components or even complete 
units. 

If this is attempted with thermionic valves, it is often found that the 
space requirement increases and this can bring about other complica- 
tions. If the frequencies are high, the breaking-up of the equipment into 
functional units, each one of which is fairly big, often introduces prob- 
lems of cross-talk or leakage. 

If, however, transistors are used, it is more likely that the units can 
be reduced to small proportions and there are fewer limitations to the 
shape and physical layout of the unit. Thus, transistors offer the designer 
an opportunity to break down into small compact units, each one of 
which is performing a clearly defined function in the equipment or the 
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system. The use of transistors also lends itself very well to the use of 
small printed boards for the wiring and in some cases also for the 
components. 

The advent of transistors can therefore make possible a completely 
new approach to the design of equipment with a view to considerably 
reducing maintenance required in the field. There is probably little 
virtue in taking any known electronic or radio device and converting 
it from the use of thermionic valves to transistors, unless at the same 
time there is an entirely new approach to the mechanical format of the 
equipment. 

Even so, in changing to transistors we must remember that the small 
thermionic valve is an extremely reliable device and it would be unwise 
to render some existing equipment obsolete unless the new design using 
transistors makes a very substantial step forward in terms of reduced 
maintenance cost and increased reliability. It is not enough that future 
designs, using a new mechanical format and transistors, should be only 
marginally better than those in use today. The step forward must be a 
massive one which gives a radical improvement. 

Designers and manufacturers of high grade radio communications 
equipment are sometimes mildly criticized for not introducing transis- 
tors more rapidly. Herein lies part of the answer. It can well be a case 
of ‘more haste—less speed’. A.W.C. 








On the end of a chapter 


ON 6TH JULY 1960, a chapter of Marconi history came to a close. At 
a private ceremony held in Marconi House, London, Lord Nelson of 
Stafford, Chairman of Marconi’s Wireless Telegraph Company Limited, 
presented the title deeds to some 40 acres of land at Poldhu, in Cornwall, 
to the National Trust,* thus severing the last physical link between the 
Marconi Company and the world-famous radio station which had 
formerly existed on this site. In view of the vital rdle played by Poldhu 
in the story of point-to-point communication, it seems appropriate to 
mark the occasion by a brief note on its history. 

In June 1896, at the age of 22, Guglielmo Marconi filed his first patent, 
and in the following year his Company was formed. During the next 
three years, many practical demonstrations were given, and the British 
Admiralty sufficiently impressed to order equipment. These demonstra- 
tions had all taken place over comparatively short distances. Eminent 
scientists, basing their opinion on the known similarity of the properties 
of wireless waves to those of light waves, were convinced that the 
curvature of the earth would limit their range approximately to the 
optical horizon, no matter what power was employed, even allowing for 
the long-established diffraction effect. Professor Popoff, a distinguished 
contributor to the early experimental art of electro-magnetic wave 
generation and propagation, belonged to this school of thought as late 
as 1901. (There is no doubt that he did not appreciate the significance of 





* The National Trust is a private body formed in 1895 to preserve places of historic interest 
or natural beauty in the United Kingdom. 
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The ceremony held at Marconi House in the Strand when the title deeds of the Poldhu site 
were handed over by Lord Nelson of Stafford to Earl De La Warr of the National Trust. 
Left to right: Sir Godfrey Ince, Chairman of Cable & Wireless Ltd, Sir Ronald German, 
Director General of the G.P.O, Lord Nelson of Stafford, Earl De La Warr and Mr C. S. Franklin 


the vertically polarized ground wave, on which the success of Marconi’s 
experiments was based, for long distance propagation.) At the same time 
as established scientists expressed their caution, other inventors and 
imitators were putting forward counter claims. 

It was in this controversial atmosphere that Marconi decided that the 
future of wireless telegraphy as a medium for long distance communica- 
tion could only be assured by a convincing and dramatic demonstration 
of its potentialities. He decided that nothing less than to bridge the 
Atlantic would meet the situation. 

For there to be any chance of success it was apparent that an unob- 
structed oversea path was essential. Cornwall, in the South West of 
England, must have quickly suggested itself as a location, and the ideal 
site was found at Poldhu Point, a few miles north of the Lizard, near the 
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small village of Mullion. Construction of the station buildings began in 
October 1900. Professor J. A. Fleming, F.R.s, a well-known authority on 
high-tension alternating current work, and later the inventor of the 
thermionic diode, had been appointed scientific adviser to the Marconi 
Company and was mainly responsible for the design of the transmitting 
equipment. At the time there was no technique available for the accurate 
measurement of power and wavelength at high frequencies, but the 
evidence suggests that the power to the aerial was probably about 1okW, 
and the wavelength somewhat less than 2 000 metres. In any event, the 
transmitter power was of the order of 100 times greater than anything 
previously attempted, so that considerable problems had to be faced. 
Nevertheless, the equipment was ready for preliminary trials by January 
I9OI. 

The first long-distance tests, using a temporary transmitting aerial, 
were carried out between Poldhu and Crookhaven, 225 miles (360km) 
























































LEFT: The aerial system originally erected for the Transatlantic test consisted of twenty 
200 foot masts erected in a circle. It was wrecked by a gale shortly before the experiment 
was made 


RIGHT: The 150 foot masts supporting a 60 wire fan-shaped aerial which replaced the original 
circular system intended for the Transatlantic experiment 
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away on the west coast of Ireland, and were very successful. Work 
continued but on 17th September there was a serious setback when a 
heavy gale destroyed the aerial and mast system intended for the Trans- 
atlantic test. It was replaced by a less elaborate aerial consisting of a 
vertical fan of 60 wires suspended between two 150 foot masts. After all 
was ready at Poldhu, Marconi sailed for Newfoundland on 27th Novem- 
ber with his two assistants, Kemp and Paget, arriving on 5th December. 





Erecting the kite aerial at Signal Hill, Newfoundland, in readiness to receive 
the first Transatlantic wireless signal, December 1901 


By 9th December, their preparations for a temporary receiving station 
at St John’s were sufficiently far advanced for instructions to be sent to 
Poldhu to begin the transmission programme on the 11th. This was to 
consist of continuous repetitions of the Morse letter ‘S’ between 3 and 7 
p.m. GMT. The next day was spent in experiments with kites, as purely 
temporary means of supporting the aerial were to be used, and one was 
successfull, flown with 600 feet of wire. It was found that variation of 
the aerial capacity as the kite rose and fell prevented the effective use 
of tuned circuits, so Marconi decided to fall back on reception with a 
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The transmitter at Poldhu with which the first wireless signal 
was transmitted across the Atlantic 


self-restoring mercury coherer and telephone earpiece, transformer- 
coupled to the aerial circuit. 

On the 11th December, when the transmissions began, an already 
strong wind increased in force and a balloon which was to be used for 
supporting the aerial was carried away and lost. It was decided to try 
again with kites on the following day, Thursday, 12th December. This 
time, after losing one kite in a squall, the second attempt was successful 
and faint but unmistakable signals were first heard, by Marconi and 
Kemp, through the atmospherics, at 12.30 p.m. local time and again 
at 1.10 and 2.20 p.m. In the light of present-day knowledge of propaga- 
tion conditions, and considering the crudity of the apparatus used and 
the magnitude of the difficulties experienced, it was a great achievement 
to gain success on only the second day of transmission. 
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However, there was to be much hard work and many disappointments 
before the system was developed to the point of commercial success. A 
more powerful station than Poldhu was constructed on the Canadian 
east coast at Glace Bay, Cape Breton Island, and for a time Poldhu became 
the receiving station. It was found possible to transmit coherent mes- 
sages, although frequent repetition was necessary and the first official 
messages to receive publicity were sent on 20th December 1902, ad- 
dressed to the Kings of Great Britain and Italy. Improvements were 
continuously being made to the equipment, and by August 1903 Poldhu 
was transmitting again. The indications were that still more power and 
still lower frequency, necessitating bigger aerials, were necessary to 
provide a reliable service. 

By the time a public Transatlantic telegraph service was inaugurated 
at the end of 1907, operations at the eastern end of the path had been 





Marconi at Signal Hill with instruments used to receive the first Transatlantic signal 
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The entries in Marconi’s diary for 12th and 13th December, 1901, are in ink, 
the pencil notes which appear over the original entries relate to subsequent 
experiments 





The entry in Kemp’s diary recording the success of the Transatlantic experiment 
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transferred to Clifden in Ireland, where more space was available and 
the range somewhat reduced. Meantime, in 1905 Poldhu became a 
commercial telegraph station in communication with other Marconi 
stations in Europe and serving ships on the Transatlantic routes with 
news, commercial, private and navigational messages. 

Poldhu continued in this rdle until the outbreak of war in August 
1914. During this period the equipment was kept in step with the latest 
developments. The original 150 foot stayed masts were replaced in 
1902 by four 210 foot wooden towers, supporting an aerial system in the 
shape of an inverted wire pyramid. Steel tubular masts were erected in 
1912. The original transmitter had two oscillatory circuits in series, 
each with its own fixed spark gap, but one of these was soon removed. 
This transmitter was shortly afterwards replaced by one employing 
Marconi’s rotary spark gap, more constant in action than the fixed gap, 
but still giving a very rough note. By 1912 the synchronous spark 
apparatus was in use, developing the familiar steady musical tone with 





The Poldhu transmitter by 1914 
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which the station came to be identified. When war began, Poldhu, in 
common with other of the Marconi Company’s communications stations, 
was placed under Government control. With its staff supplemented by 
Services personnel, it played a particularly vital part in maintaining 
communications with the Atlantic convoys, and was also used each night 
to broadcast official news bulletins. After the war the station reverted 
to its pre-war rdle, but obsolescence of the equipment led to its closing 
down in June 1922. 

Meanwhile, there had been developments in connection with the 
“commercially useless’ short waves of 200 metres and under. In 1920 
C. S. Franklin set up a telephone circuit between Hendon and Birming- 
ham on 15-metres, which worked very well for many hours a day. About 
the same time Captain Round was in charge of tests between Southwold 
and Holland on 100 metres. British and American amateurs organized 
tests in 1920 and 1921 with the object of discovering whether 200 
metre waves would span the Atlantic by night. In December 1921 a score 
of U.S amateur stations were identified in the British Isles, one of which 
succeeded in transmitting a complete message. 

Despite the great interest aroused at the time, these results were soon 
dismissed by the commercial interests as of no lasting value for long- 
distance communications. Again it was Marconi, without any theoretical 
support, who had the breadth of vision to put the matter to the test. In 
1922 he decided to carry out extensive trials, using Poldhu for trans- 
mitting and his yacht Elettra for receiving. C. S. Franklin was put in 
charge of the transmission arrangements, which were to commence 
with a 97-metre wave. The results were spectacular, particularly when, 
during the second cruise of the Elettra, signals of a wavelength of 32 
metres were received in September 1924, both day and night, at Beirut, a 
range of 2 400 miles. Marconi had also made arrangements for associates 
in Argentina, Brazil, Australia, Canada and the United States to attempt 
reception, and again the 32-metre signals from Poldhu were received 
successfully, for prolonged periods, in all those places. 

These remarkable results convinced the Marconi engineers that short- 
wave communication using directional aerials represented a practical 
alternative, more efficient and at a fraction of the cost, to the extensive 
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The granite column erected to commemorate the 
site of the former wireless station 


scheme of long-wave high-power stations for Imperial Communications, 
on which work had already started. It would need much more space 
than is available here to tell the story of the resulting negotiations, but 
the result was that by 1927 short-wave ‘Beam’ transmission was in 
operation between England and the principal parts of the world at a 
telegraph speed that no long-wave or cable system had ever approached. 

Much of the research and engineering work for the ‘Beam system’, 
particularly on the aerials and feeders, was carried out at Poldhu in the 
period 1924-27 under the direction of C. S. Franklin. It was there that 
the first tests of a flat beam aerial were made on 4-metres wavelength 
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and there also that the coaxial RF feeder was born, as a by-product of 
the difficulties experienced in using balanced twin-wire feeders for high 
power. 

After the acceptance of the Beam stations, Poldhu continued to be 
used for research and development work. Tests were made with wave- 
lengths down to 8-metres using a revolving beam aerial, and readable 
signals to New York obtained for five hours out of the 24. The last 
important development was that of the Series Phase Aerial in 1932. 
Shortly afterwards, no doubt hastened by the depression, the decision 
came to close down the station, whose existence for research purposes 
could no longer be justified in view of its remote situation. In 1937 some 
six acres of land along the cliff edge, together with a granite column 
commemorating the events described above, were presented to the 
National Trust. The recent bequest is the remainder of the Marconi 
Company property in the area. 

We are again approaching a time when fundamental changes may 
occur in the means used for long-distance radio communication. Apart 
from its historical interest, the story of Poldhu, linked with that of 
Guglielmo Marconi, has shown that a bold approach, breaking if neces- 
sary with existing techniques and beliefs, can lead to great advances. 








Telemetering and Remote 


Control over Radio Links 
S. SKOUMAL, Dipl-Ing, A.M.I.R.S.E 


The transmission of data over radio links for various purposes is 
rapidly increasing. One application which is becoming important 
is the transmission of telemetry and control information. In 
view of the increasing use of automatic techniques, this article 
will be of considerable interest. 


1 INTRODUCTION 

IN THE LAST FIFTEEN YEARS or so telemetering and remote control 
has reached a new position of prominence in industrial development. 
The basic concepts, however, date right back into the last century when 
the first devices appeared. With mechanical engineering well in the lead 
of technical progress, these devices were of purely mechanical construc- 
tion, consisting mostly of a system of rods, pulleys, chains, etc. Operation 
of signals and switch points from signal-boxes on the early railway 
installations can be mentioned as a typical example. The arrival of 
electricity on the industrial stage brought about the first revolution, 
particularly in remote control; all sorts of devices based on the remote 
operation of an electromagnet were brought into being. 

Between the wars steady, but by no means spectacular, progress was 
made. The concept of servo-systems was formulated but the application 
of the techniques remained limited mostly to public utility undertakings 
such as power distribution, public lighting, railway yards, etc. The 
remotely controlled operations were mostly simple change-overs from 
one condition to the other and were accompanied by simple forms of 
telemetering to indicate the state of the device. The complexity of the 
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Typical telemetery control room equipment 
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systems came mainly from their size, and concerned only the means 
of selecting the required points. The difficulties were met quite satisfac- 
torily by well tried techniques borrowed from the telephone industry. 
The connection between the operator and the remote point was in- 
variably provided by a pair of wires, as the application of radio was 
not yet generally appreciated. 

Post-war developments constitute the second and by far the greater 
revolution in this field. The process which was started in the framework 
of war-time effort never stopped. The provision of telemetering and 
remote control equipment for a wide variety of applications has become 
an industry in its own right, based on theoretical foundations drawn 
from cybernetics and communication theory, and now plays an im- 
portant part in defence, data transmission, in the oil industry (for pipe- 
line or refinery control) and in all kinds of manufacturing processes, in 
transport and elswhere. The increased demands on accuracy, speed of 
operation, reliability and size, brought electronic techniques into the 
field, and the volume of information to be transmitted over substantially 
increased distances, sometimes involving ground-to-air communication, 
involves radio links as an integral part of the system. The complexity 
of the systems, quite substantial already, is bound to increase, particu- 
larly when a computer is used as the central decision-making agency for 
a complicated system. 

The modern telemetering system must be designed and built as a 
communication link between computer and outstation. 


2 GENERAL CONSIDERATIONS 
2.I TELEMETERING AND REMOTE CONTROL 

In principle, telemetering and remote control are two rather complex 
but entirely independent functions of what may be a single system. 
They are complimentary to each other in the sense that together they 
form a closed control loop. Telemetering provides the means of gathering 
information from a remote location, and transmitting it, either con- 
tinuously or on demand, to a control room. 

Remote control is the feedback loop whereby the distant equipment 
is controlled in response to information supplied by the telemetering 
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RIGHT: Typical outstation telemetery 
transmitting equipment 





Typical telemetery module. Modular 
construction based on printed boards and 
transistors is well tried in the computer 
field and gives trouble-free service over long 
periods 
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system. This control can be either manual or automatic. At present the 
automatic control loop is confined almost entirely to systems where 
the controlled and the controlling equipment can be connected by a 
line, while systems using radio links are mostly manually operated. With 
the advent of self-optimizing installations (i.e, installations designed 
to find the optimum settings for the operational parameters auto- 
matically) automatic readjustment of the control mechanisms will be 
required in response to the telemetered data (this is, of course, the 
essential characteristic of an automated installation). 

In a complex installation the transformation of the data into a control 
command is a process which may require solution by an electronic 
computer. To make the best use of its services, it is visualized that a 
single computer will control several outstations, and consequently will 
be situated in some central position, remote from all. Such an arrange- 
ment will require communications links of guaranteed accuracy if 
incorrect decisions are to be avoided. 





Arrangement of telemetery modules in a rack 
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2.2 ANALOGUE V DIGITAL SYSTEMS 


The choice between an analogue and a digital principle of operation 
primarily affects telemetering systems. The pros and cons of both types 
of system are numerous, and vary with each. However, some of the 
characteristics, such as accuracy, speed of operation, flexibility, applica- 
tion of error detection techniques, and equipment economy, can be 
discussed in general terms. 

In modern industrial telemetry, the measured quantity is converted 
at the input of the system into a steady AC or DC signal by the sensing 
element. In a digital system this signal is further converted into a train 
of pulses or binary digits (bits) before transmission, whilst an analogue 
system transmits the signal directly to the display instrument, where 
the measurement is shown or recorded as a function of its level. The 
difficulty in detecting the level with the required accuracy in the 
presence of noise makes analogue systems unsuitable when a transmis- 
sion link intervenes between the point of measurement and that of 
display. Digital systems, on the other hand, are largely free from this 
limitation, their accuracy being a function of the number of bits trans- 
mitted for each measured quantity. Moreover, it is possible in a digital 
system to transmit different parameters from the same outstation using 
characters containing different numbers of bits, dependent on the 
accuracy required. This makes the digital system very flexible in appli- 
cation, and economizes in the overall transmission time from each out- 
station. Further, the digital system can be provided with protection 
against errors by simple means, cheap in both the extra equipment 
required and the extra transmission time involved. 

Lastly, sight must not be lost of the fact that the demand for the 
presentation of telemetering data in digital form (such as ‘in-line’ 
indicators, electric typewriters, lineprinters, etc) is on the increase. 
In such systems no advantage could be gained by transmission of signals 
in an analogue form and the choice between an analogue and a digital 
system does not arise. 

It can be concluded that the usefulness of analogue telemetering 
systems is limited to cases where a slow-speed low-capacity system is 
required to operate over short distances with analogue displays. 
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2.3 CHOICE OF SYSTEM TECHNIQUES 

To gain full advantage from a digital system, each piece of information 
(referred to from now on as a character) comprises combinations of 
two binary digits, namely o and 1. Each bit can be conveniently repre- 
sented by one of two possible states of the amplitude, frequency or phase 
of an AC signal, according to the type of modulation used. Thus, each 
character will be presented to the receiver as a series of amplitude 
changes, or as a series of frequency or phase reversals. 

In order to make economical use of the transmission path, tele- 
metering information from individual points at an outstation is generally 
transmitted using time division multiplexing. This is possible when 
some delay in communication between outstations and the control room 
is not of overriding importance. 

When time division multiplex is used, the telemetering transmitter and 
receiver must be maintained in synchronism, and either synchronous 
or start-stop operation can be used. The chief advantages of synchronous 
operation are the greater protection against distortion, and the increased 
transmission speed due to the absence of start and stop bits. However, 
where more than one outstation is involved, the different transmission 
times, resulting from the different distances to the control centre, may 
require individual telemetering receivers for each remote transmitter. 

This economic disadvantage is avoided when start-stop operation is 
employed. The telemetering receiver is then entirely under the control 
of the outstation transmitting at the time, and a single receiver can 
serve any number of them. Also, by adding start and stop bits at the 
beginning and the end of each character, transitions of polarity marking 
the beginning of each character occur at regular intervals, easing identi- 
fication and stability problems. The greater vulnerability to the effects 
of pulse (or bit) distortion caused by the transmission path is not signi- 
ficant, since high quality radio circuits are normally available in tele- 
metering and telecontrol schemes. 

It can be concluded, therefore, that for wide application, a telemeter- 
ing system should use binary signalling with time division multiplex. 
Start-stop operation should be used to maintain synchronism between 
the terminal equipments. 
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2.4 TRANSMISSION ACCURACY 

The importance of avoiding transmission errors has already been men- 
tioned. Errors may arise through noise or impulse interference on the 
comunication link, and therefore some form of protection is desirable. 
By virtue of the frequency with which readings are taken from indi- 
vidual points, and because of the relatively low speed at which control 
needs to be performed, simple error detection is sufficient at present and 
may be performed by the addition to the character of a checking, or 
parity, bit, the polarity of which is such as to make the total of one 
polarity either even or odd, irespective of the content of the remainder 
of the character. All single and some multiple errors can then be detected 
by simple ‘bit’ count. As the links likely to be used for telemetering 
circuits are generally engineered to give a signal-to-noise ratio of better 
than 40dB for at least 99.9% of the total operating time, the residual 
character error rate will be substantially less than 1 in 10°. 

Although rare, an undetected error can have serious consequences 
when it occurs. This is particularly true when selection of one of the 
remotely controlled points at an outstation is concerned. To guard 
against this type of error, all remote control operations should be 
executed in stages with confirmation at the control room by means of 
revertive checks at each stage 


2.6 COMPOSITION OF THE CHARACTER 


Each group of bits is known as a character. In a complete system three 
kinds of characters are involved; according to the nature of the informa- 
tion they convey, they can be referred to as metering, alarm or control 
characters. They are all identical in composition, and vary only in 
information content. 

In order to retain flexibility and to ease the design of the coding and 
decoding circuits, a binary decimal code is preferable. Thus four bits 
can represent each decimal digit of the message, so that a two-digit 
message consists of eight, and a three-digit of twelve, bits of information. 
An accuracy requirement of 1 in 100 or I in 1000 is most frequently 
encountered and, therefore, either 8 or 12 bits is the normal informa- 
tion content of the metering characters. To provide protection, as 





Sli ei Biol hace IEG aw iA Sree 
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1. Samapite 2. 8 
START —_ FIRST DECIMAL DIGIT SECOND DECIMAL DIGIT PARITY STOP 
(BINARY CODED) (BINARY CODED) 
< _— . (b) ALARM AND SUPERVISORY CHARACTER 
START EIGHT PAIRS OF CONTACTS PARITY STOP 


Fig.1. Composition of 11-bit character 


discussed in Section 2.4, a parity bit is added to each character before 
transmission. Lastly, start and stop bits are added. Thus a complete 
metering character will usually consist of 11 or 15 bits (Fig.1a). 

From the transmission point of view an identical character is produced 
if, instead of taking the 8 or 12 bits from the coding circuits, 8 or 12 
pairs of alarm contacts are examined. Such a character is then referred to 
as an alarm character (Fig.1b). Each information bit of this character 
then controls one display light on the control panel or a mimic diagram 
of the system at the control room. The supervisory signals, and signals 
confirming the selection of the remote control point, are also trans- 
mitted by means of these characters. 

Control characters are made up in the same way as previous types ; 
normally an information content of only 4 or 5 bits is required, accord- 
ing to the number of control points at the outstation. The purpose is 
merely that of selection of a particular point prior to performing the 
required operation. 


2.6 SYSTEM OPERATING SPEED 

The measure of the telemetering speed is the time which elapses between 
two successive reports from a particular telemetered point. This period 
depends equally on three factors: 

(i) Length of the metering character 

(ii) Number of telemetered points in the scheme 
(iii) Telegraph speed of the transmission path. 
While the design of any system should retain maximum flexibility, 
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certain parameter values are more frequently encountered than others. 
The length of the metering character will depend on the accuracy 
required. The average number of telemetered points at any one out- 
station is in the neighbourhood of 10. The number of outstations in a 
scheme varies considerably, and 10 represents a scheme of reasonable 
size. The speed of the telegraph channel is usually chosen to be s0 bits 
per sec, but the design of the driving circuits should be such that other 
transmission speeds could be used. 

Thus, taking as an example a ten station scheme, each requiring 
metering of 10 points to an accuracy of 1 in 1000 over 50 bits/sec 
channels (duration of 1 bit = 20 m.sec) the interval between measure- 
ments will be 10 X 10X 15 X 20X10 =70 secs. This is sufficiently fre- 
quent for most applications at the present time, but can be substantially 
reduced where necessary. Either a faster channel can be used or the 
outstations can be divided into groups, and each group regarded as an 
individual system, the correct decision depending on the particular 
scheme. 
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Fig.3. Typical single channel radio equipment 
(courtesy A.T. & E (Bridgnorth) Limited) 
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3 COMMUNICATION SYSTEMS IN TELEMETRY 
AND TELECONTROL SCHEMES 

A standard s0-baud telegraph channel is the most convenient trans- 
mission medium for a telemetry system. Where adequate telephone 
communication links exist between the control centre and the controlled 
points, it is frequently possible to superimpose the telegraph channel 
within the speech band of the telephone link. The precise arrangement 
will depend on the arrangement of the system. In general, this takes one 
or two basic forms: 

(i) When outstations are situated radially from the central control 
room (such as in process plants, local public utilities, oil fields, 
refineries, etc). 

(ii) When outstations are placed along a definite route (such as pipe- 
lines, distribution networks, etc). 
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Fig.s. Typical multichannel radio equipment 
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In the first case an economical system can be provided by links carry- 
ing a single speech channel with a telegraph channel superimposed. A 
schematic diagram of such a system is shown in Fig.2 and typical single 
channel radio equipment in Fig.3. In its simplest form, the communica- 
tion equipment at each outstation and at the control room consists only 
of a single transmitter, receiver and telegraph terminal unit. The 
scheme operates on a single pair of frequencies, ‘go’ and ‘return’, by 
providing for operation of each outstation in turn, in response to interro- 
gation from the control room. By duplicating the communication equip- 
ment, and introducing a second pair of frequencies, a refinement of 
operation can be introduced, permitting interrogation of outstations to 
be maintained continuously while a remote control operation is in 
progress. 

The second type of system is usually extended over a considerable dis- 
tance along some kind of route and is ideally suited for multichannel 
point-to-point radio links. As before, one speech channel and one tele- 
graph channel will be required per outstation. However, instead of 
combining speech and telegraph channels on an outstation basis, 
standard multichannel practice should be followed, combining all tele- 
graph channels together by means of VF equipment in a single speech 
channel, and dropping them at individual outstations together with 
appiopriate speech circuits. This is shown schematically in Fig.4 and 
typical multichannel radio equipment is shown in Fig.s. Individual out- 
stations again report in response to interrogation, and to avoid interrup- 
tion of routine calls when remote control is required, a second pair of 
VF channels per outstation may be needed. 


4 TYPICAL TELEMETERING SYSTEM 
4.I PRINCIPLES OF OPERATION 
An economical design for a telemetering system can be based on 
centralized control, in which case a single telemetering receiver at the 
control room can serve any number of outstations. (This solution implies 
that the control room communicates with each outstation only at its 
own request.) Interrogation calls are then sent periodically to each in 
turn, and each call is followed by a full report of the conditions there. 
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At the end of the report, the next outstation is interrogated, and so on. 
For the period between two successive interrogation calls, conditions 
remain unmonitored. However, as shown by the example in Section 2.6, 
these periods are normally short, and can be controlled by the design 
of the system. 

The general arrangement of a system using centralized control is 
shown in Fig.6. The station calling codes are selected by the station 
distributor and passed to the transmitter at the central control room. 
The code is received by all receivers, but detected only at the required 
outstation. On detection of the call, the local transmitter is activated, 
transmitting the station identity code, which is checked at the central 
control station against the code originally transmitted to ensure correct 
outstation identification. The time multiplexing distributor then com- 
mences the scanning cycle of all points at the outstation. On each step the 
analogue signal from each transducer is converted into a digital tele- 
metering character, as described in Section 2.5, prior to transmission. 
When received in the control room, the character is momentarily held 
in a character register before being routed to the appropriate display or 
logging position (selected by a system of ‘gates’ controlled jointly by 
the character and station distributors). 

At the end of each scanning cycle, a station clearing signal is trans- 
mitted. On receipt of this signal a decoder at the control station steps 
the station distributor and selects the calling code of the next outstation, 
when the whole process is repeated. 

An outstation has to report readings of a variety of parameters (rate 
of flow, temperature, number of revolutions, stroke rate, etc). Each 
parameter is detected by a transducer specially constructed for the 
purpose, the outputs of which depend to some extent on the function 
being measured. To obtain uniform signal levels, the output of each 
transducer feeds a converter (the analogue transmitter) to produce a 
standard AC or DC signal. 

The conversion of standard signals into digital signals will take place 
usually on a time-sharing basis in an analogue-to-digital converter 
(ADC), which in Fig.6 forms part of the data handling circuits. Where 
the number of telemetered points at an outstation is small (say five or 
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(courtesy Hilger & Watts, London) 


Fig.7. Rotary digitizer 


less), it is more economical to dispense with the ADC and to convert 
the analogue signals before multiplexing by means of individual rotary 
digitizers (see Fig.7) driven by the analogue transmitters. Their outputs 
can then be multiplexed and handled as before. 


4.2 DISPLAY AND LOGGING FACILITIES 
A convenient digital display can be arranged by means of ‘in line’ 
indicators (Fig.8), any number of which can be mounted together to 
provide readings of any required accuracy. For analogue displays, con- 
ventional recorders or dial instruments are an obvious choice and a 
typical recording unit is shown in Fig.9. The display units can be 


(courtesy Dewrance & Co Ltd) 





(courtesy Hilger & Watts, London) 





Fig.8. Projection type ‘in line’ indicator— the Fig.9. Typical recording unit 
required numeral is projected on the screen 
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mounted either on the control desk or on the equipment cubicles or they 
can be associated with a mimic diagram of the system. This last arrange- 
ment is particularly useful in respect of displays of monitoring, super- 
visory or alarm signals. 

To provide a permanent record of the operation of the system, a log- 
ging lineprinter or an electric typewriter should be attached to every 
control room equipment in order to record automatically any abnor- 
mality in system operation. 


5 REMOTE CONTROL, PRINCIPLE OF OPERATION 
Reliability in a telemetering system is important. It is even more im- 
portant in the execution of control functions, and some form of revertive 
check must be used in the process of selecting a remote point for control 
purposes. 

The most effective method is to use separate systems of keys for the 
selection, firstly of outstation, and then of the final control point, each 
selection being confirmed by revertive check before the next is at- 
tempted. A master key controls the operation once selection is complete. 

Two types of remote control are generally required (in both cases the 
operation is limited to the change of state of a relay which actuates a 
local control). In the first case, the selected relay becomes energized or 
de-energized on receipt of a special code, while in the second, it becomes 
and stays energized for the duration of a continuous signal. The latter 
requires two types of signal, to determine, firstly, the direction of the 
control and, secondly, its initiation and duration. This is achieved by the 
use of separate tones, which operate relays associated with each direc- 
tion of control while the signal is being received. The relays actuate the 
local servo-mechanism. The progress of the operation is observed on the 
display unit of the telemetering system connected to the affected para- 
meter. Provision can be made in the distributors, either to monitor the 
affected parameter continuously, or to shorten the scanning cycle of the 
system if the nature of the control so requires. 


6 CONCLUSION 
The discussion has shown that telemetering and remote control of an 
installation over radio links is entirely practical providing that the 
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system is engineered to meet certain conditions. The design of the tele- 
metering and remote control equipment should be based on the digital 
principle, using binary notation for ease of detection and binary decimal 
coding for simplicity of the coding and decoding circuits. Time multi- 
plexing of the telemetered information will give maximum economy of 
communication channels, and the start-stop principle of transmission 
room must be of suitably high quality, so that undetected transmission 
will minimize the quantity of equipment at the control centre. Lastly, 
the radio links connecting the individual outstations and the control 
room must be of suitably high quality, so that undetected transmission 
errors remain within the limits determined by the required reliability 
of the system. 
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A Tropospheric Scatter 


Link over a 200 mile Path 


G. L. GRISDALE, B.Sc, Ph.D, and 
D. A. PAYNTER, A.M.I.E.E, A.M.Brit.I.R.E 


The literature on tropospheric scatter propagation is extensive, 
but little has been published on operational systems. This article 
reviews the performance of an operational link, carrying various 
types of traffic over a period of a year. 


1 INTRODUCTION 
A CONSIDERABLE AMOUNT Of information has been published, » ° 
about radio propagation over the horizon using forward scatter from 
the troposphere; little has appeared on the application of the phenome- 
non for practical communication purposes. 

The previous work indicates that, given sufficient transmitter power 
and aerials of the required gain, a link capable of carrying traffic with a 
high degree of reliability is a practical proposition. To prove this in 
practice, and permit critical evaluation under practical conditions, a 
full-scale system was set up. The main objects of this experimental link 
were the demonstration of multi-channel telephony and telegraphy, the 
development of equipment for production, and the confirmation of data 
for the planning of operational systems. The link operated in one direc- 
tion only but was capable of carrying 24 telephone channels with spaced- 
aerial diversity at the receiving station. Several methods of modulation 
were investigated and finally a television picture was transmitted over 
the link. 

The only practical source of high-power at UHF is the klystron power 
amplifier. As tubes were available capable of producing rokW at fre- 
quencies below 1000Mc/s, it was decided to operate the link in this 
band. A frequency of 858 Mc/s was allocated. 

The link was operated from March 1958 to May 1969 and the results 
confirmed that such a system would give reliable communication over 
terrain where the provision of repeaters was impracticable. 
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2 SITES FOR TERMINAL STATIONS 


The choice of sites for tropospheric scatter terminals must be made with 
care, as the path attenuation increases rapidly as the angle of elevation 
of the aerial beam is increased. Conversely, a reduction of path attenua- 
tion is obtained if the horizon allows the beam to be depressed below the 
horizontal, as is the case with an aerial on high ground overlooking the 
sea. 

The acquisition of suitable sites in England presented some difficulty, 
as sites separated by the chosen distance with no obstructing foreground 
and with adequate power supply are few in number and were not neces- 
sarily available. In the circumstances in which tropospheric scatter links 
are likely to be used, however, for example over sea paths and in sparsely 
populated areas of the world, these difficulties are not likely to be as 
great. 

For this experimental demonstration link, most of the active work 
would occur at the receiving end, so this should be located near to the 
development laboratory ; a site was acquired on a disused racecourse at 
Galleywood, near Chelmsford, at a height of 250 feet above sea level. At 
this site, a horizontal beam would be negligibly obstructed by higher 
ground in any direction between SW and N. 

The transmitter site was near the broadcasting station at Start Point, 
206 miles (330km) from Galleywood, and 400 feet above sea level. The 
first 55 miles of the path was across the sea at Lyme Bay, with negligible 
obstruction from the hills at the other side of the bay, so that the trans- 
mitter beam could be depressed by about o0-4°. The route and profile 
are shown in Figs.1 and 2, from which it can be seen that the route 
passes over London, Farnborough and near London Airport. Because the 
elevation angles are not the same, the common volume enclosed by the 
aerial beams is east of the mid-point, at a height of 5000 to 10000 feet. 


3 THE EXPERIMENTAL SYSTEM 

3.1 AERIALS 
For this one-way link, one aerial was required for transmission and two 
spaced aerials for diversity reception. Parabolic dish reflectors 30 feet 
in diameter with a focal length of 10 feet were employed. The dishes 
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Fig.1. Start Point to Galleywood tropospheric scatter link 


were illuminated by a horn, centrally mounted in front of the dish, and 
fed by a 3% inch concentric feeder for the transmitter and by 1% inch 
helical membrane coaxial feeder for the receivers. The dishes were 
constructed of solid sheet steel and gave a calculated and measured 
plane-wave gain of 36dB at 1000MCc/s. The dish and feedhorn could be 
moved, both in azimuth and elevation, by + 2° for the purpose of align- 
ment in the optimum direction. The Start Point aerial is shown in Fig.3. 
Final alignment of the aerial to give optimum signal can be a problem, 


Fig.2. Profile—Start Point to Galleywood 
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Fig.3. Start Point aerial and transmitter building 
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since the scatter signal strength is continually changing. It is helpful 
to use a wide beam receiving aerial when the transmitter dish is aligned; 
the narrow beam receiving aerial can then be correctly adjusted. It is 
convenient to use the feedhorn for this widebeam aerial, turning it 
round to face the transmitter instead of pointing to the dish. 

Both horizontal and vertical polarization could be employed as it 
was intended to use the isolation between the vertical and horizontal 
probes in the feedhorn as a part of the receiver protection when operat- 
ing a receiver from the same aerial as a transmitter. Thus in one direction, 
the transmission could be vertically polarized, and in the other hori- 
zontally polarized. The transmitter frequency is usually spaced from the 
receiver frequency by at least s0Mc/s; with a frequency spacing of 
50Mc/s, the selectivity of the receiver is not sufficient to attenuate the 
local transmission to a level at which damage or cross-modulation will 
not occur in the receiver. From theoretical considerations it was decided 





Fig.4. 1okW tropospheric scatter transmitter 
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to introduce at least 1oodB attenuation in the receiver feeder at the 
transmitted frequency. This attenuation was obtained in two ways: 


(a) Isolation in the horn due to the use of cross polarization 
(b) Coaxial-line bandpass filters in the receiver feeder. 


The receiver protection against the transmitter frequency consisted 
of 40dB polarization protection and signal filter rejection of 60dB. With 
a 10kW transmitter this would give —6odBW at the receiver input 
which, coupled with the protection provided by the receiver itself, is 
adequate. 


3-2 TRANSMITTER 


The transmitter which was sited at Start Point is shown in Fig.4. It uses 
a four-cavity power klystron capable of delivering a power of 1okW at 
frequencies of 600—970 Mc/s. The excitation required for full output 
varies with the cavity adjustment for different bandwidths, but does 
not exceed 1 W. For the Start Point experiment, the transmitter had a 
half-power bandwidth of 6Mc/s. The 1okW output corresponded to the 
limit of the linear input/output characteristic of the amplifier. Although 
frequency-modulation does not require such linearity, it was necessary 
for the single-sideband modulation and the two carrier tests. 

For radiating frequency-modulated multi-channel telephony, two 
methods of producing the excitation power at final radiated frequency 
are available. Either the output of a suitable frequency modulator may 
be multiplied up to the required frequency, or the FM signal may be 
generated at a suitable intermediate frequency, and translated to final 
frequency in a mixer circuit. Modulation equipment using both methods 
was provided for the transmitter. One drive circuit (shown in Fig.) 
employed a frequency modulator operating at a frequency in the region 
of 2Mc/s, capable of accepting modulation up to 108kc/s, followed by a 
series of multipliers, finally producing 858Mc/s which could be fed to 
the klystron. The alternative drive unit (Fig.6) utilized a crystal- 
controlled local oscillator of 823 Mc/s and a balanced mixer, a 35Mc/s 
modulated signal to the balanced mixer produced 858Mc/s, which was 
then amplified by linear power amplifiers to provide the klystron 
excitation. 
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Fig.s. Multiplying system of tropospheric scatter transmitter 


experimental purposes with any of the following modulations: 
(a) 24-channel telephony with frequency modulation 
(b) Frequency modulation up to 4Mc/s bandwidth 


(c) Pulse amplitude-modulation for propagation tests 
(d) Crystal controlled drive giving high-stability carriers 


(e) Single-sideband modulation with 24-channel telephony. 


Fig.6. Mixing system of tropospheric scatter transmitter 
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Although the system was basically designed for 24 telephone channels, 
only two live channels were provided for demonstration purposes, one 
in the band 16-20kc/s and the other from 88-92kc/s. To simulate full 
traffic loading, a white-noise generator was provided, with appropriate 
h filtering, to fill in the vacant channels. The telephone channels could be 
modulated from a telephone handset, high quality microphone, records, 
| broadcasting or frequency-shift telegraph signals, as well as the usual 

tone sources for measurement purposes. Towards the end of the experi- 
ment, a television monoscope camera and sync-generator were installed 
to feed the wide band FM modulator in order to transmit a test card over 
the link. 





3.3 RECEIVERS 
The arrangement of receiving equipment at Galleywood is shown in 
Fig.7. The two receivers were each fed by a separate dish to give space 
diversity. Operating on 858Mc/s, they comprised rat-race mixers, head 
IF amplifier, main IF amplifier, limiter and Round-Travis discriminator. 
For 24-channel working the main IF bandwidth was 800kc/s, centred on 
35 Mc/s. Automatic gain control was included to accommodate the large 
range of signal inputs. 

The noise factor of the receiver is of paramount importance in a 
system in which high transmitter powers are used to achieve satisfactory 
performance. In the UHF frequency range, consideration must be given 
to the relative merits of valve amplifiers, low-noise mixers and travelling- 
wave tubes. In the experimental receivers a rat-race type of mixer using 

two crystals was used, largely because a suitable well-tried design was 
| available for radar applications at a slightly higher frequency than that 
allocated; the noise factor of this mixer was 8dB. 

For a production receiver (shown in Fig.8), a grounded-grid amplifier 
was developed, using a disc-sealed triode with concentric line tuning. 
The noise factor of this amplifier was 6-5 to 8dB over the frequency 
range. The input filter contributed a further loss of 1 to 1-5dB. There 
were several reasons for adding the valve amplifier; it could be tuned to 
the band 610 to 970Mc/s without modification, whereas a typical design 
of rat-race mixer covered only 50Mc/s; the input filters require a match 
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of better than 1-2 VSWR over the receiver passband, which can be ob- 
tained only at the centre of the rat-race frequency range ; also, difficulty 
can be encountered in a crystal mixer because the impedance of the 
input circuit at the intermediate frequency is coupled to the output 
through the crystals, causing large variation of performance. (The last 
two points can also cause great difficulties with parametric amplifiers, 
where the noise factor is very dependent on the input matching 
conditions. ) 

The demodulated baseband outputs of the two receivers were com- 
bined as a function of their instantaneous signal-to-noise ratio to give 
the optimum signal-to-noise ratio at the combined output.’ This was 
achieved by amplifying a band situated above the highest modulation 
frequency, and rectifying the noise contained therein to produce a DC 
bias which is fed to the grid of a cathode follower in the demodulated 
output of the receiver. The two cathode followers of the two receivers 


Fig.8. Typical tropospheric 
scatter diversity receiver 
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have a common cathode load, and the signal appearing across this load is 
fed to the line amplifier. Thus, at any instant, the receiver with the better 
signal-to-noise ratio made the greater contribution to the combined out- 
put. This simple form of combiner was found to give a diversity per- 
formance very close to the optimum, provided the signal and control 
voltages were selected with care. 

The 12-108kc/s output from the line amplifier was fed to the channel- 
ling equipment which translated the two channels 16-20kc/s and 88-92 
kc/s, used for the demonstration link, down to audio frequency. 

The output of the channelling equipment could be connected to tele- 
phone handsets, monitor loudspeaker, tape recorder or, via a tone- 
telegraph bridge, to a teleprinter. 

For receiving television pictures or pulse transmissions, a 6Mc/s IF 
amplifier and FM demodulator could be connected to the output of the 
head IF amplifier. Spaced-aerial diversity was not used during the 
television tests. 

Facilities were provided for continuously recording the level of the 
received signal. This was achieved by the provision of an additional 
amplifying chain connected to the output of the head IF amplifier of 
each of the receivers. Two recorders were used, one for continuously 
recording the signal level throughout the day and the other, a fast-acting 
two-channel recorder, for intermittent recordings of the fading charac- 
teristics of the received signal. A logarithmic amplifier with a 20-second 
time constant (to eliminate fast fading effects) was incorporated in the 
chain feeding the slow recorder. The recording amplifiers of the two 
receivers could also feed a rack of counting equipment capable of pro- 
viding a statistical analysis of the fading signal, and the correlation exist- 
ing between two received signals.‘ 


4 THE EXPERIMENTAL PROGRAMME 


The link commenced operation on the 11th March, 1958, and, except 
for two gaps of a month, continued until 29th May, 1959. It was con- 
sidered desirable that the transmitter should be attended, and this was 
the limiting factor in deciding operating hours of the system. The 
receiving terminal could operate unattended, but in general it was 
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Fig.11. Received signal strengths, taken on fast recorders, showing fading patterns 
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Fig.9. Typical mean field-strength records 
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Fig.14. Television Monoscope picture over 200 mile tropospheric scatter link 








NS Redcat a2 ein, 











A TROPOSPHERIC SCATTER LINK OVER A 200 MILE PATH 49 


necessary to staff the station in order that tests could be made and 
demonstrations performed. Operation was generally for eight hours a 
day, five days a week. To gain experience of propagation at various times 
of day and night, however, the hours of operation were varied over three 
shifts of eight hours; a complete 24-hour cycle being accomplished in 
three weeks. A 36-hour continuous run was also made. 


4.1 PATH ATTENUATION 
It was anticipated that the highest path loss would occur during the 
winter months. This was not confirmed over the period that the link was 
operated, as unusually high signals were recorded during the winter 
1958/1959. This was possibly due to the high humidity during that 
period (on one day the path loss actually corresponded to line-of-sight 
attenuation). 

In order to record continuously the level of signal received, a pen 
recorder operating at 1 inch per hour was fed with mean signal level 
information. Fig.9 shows some typical records obtained from the slow 
recorder with a 20-second time constant. The recording made on the 
5th September, 1958, is unusual, because at approximately 09.30 hours 
the signal increased to such an extent that it exceeded the range of the 
recorder, necessitating a reduction in the gain of the amplifier. The 
sudden, large changes of signal strength experienced on that occasion 
were unusually high, and coincided with the occurrence that evening of 
one of the worst storms ever experienced in England. These violent 
fluctuations were not experienced at any other time during the period 
of the tests. From the slow recordings obtained during the operation of 
the link, the monthly median levels have been computed and are shown 
in Fig.10. These generally agree with the results published by other 
workers. 

An additional amplifying and frequency changing channel for each 
receiver fed a two-channel high-speed pen recorder. This recorder could 
operate at a speed of up to 24 inch/min. and would respond to frequen- 
cies up to 50C/s. It was used to give an accurate record of the rapidly 
fluctuating signal for periods of several minutes; Fig.11 shows examples 
of these recordings. The characteristic beat caused by an aircraft flying 
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Fig.10. Monthly median levels of the Start Point to Galleywood link 


in the common volume of the aerial beams can be seen in the lower 
recording. Because this intersection of beams was located in a region of 
high aircraft density, this type of regular fading occurred frequently. 
It was reduced by diversity working, and did not seriously affect tele- 
phone communication. 


4.2 TELEPHONE CIRCUIT PERFORMANCE 

The speech quality received over the channels was consistently good, 
providing for most of the operating time a signal-to-noise ratio adequate 
for commercial telephone service, although not conforming to the high 
standards demanded by C.C.I.R for microwave links.’ Fast fading caused 
‘drop-out’ of signal below the threshold level of the receivers, but this 
was of such short duration that it manifested itself as a ‘click’. 

Subjectively this was of little importance on telephony and in any 
case was greatly reduced by diversity working. The signal-to-noise ratio 
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in the 24th channel is shown in Fig.ro. It is 17dB inferior to that of the 
Ist channel. 

Comparative magnetic tape recordings were made between a tele- 
phone conversation over the normal trunk line to Start Point and that 
received via the tropospheric scatter circuit (an HF SSB system provid- 
ing the return path). Identical telephone handsets were used in each case 
with an external magnetic pick-up coil. The tropospheric scatter circuit 
compared favourably with the land-line, the latter providing a signal 
considerably down in level and with inferior signal-to-noise ratio. 


4.3 USE OF COMPANDORS 
It is desirable on an FM radio link that a speaker should produce the 
maximum deviation that the system allows in order to provide the 
highest signal-to-noise ratio. The compandor attempts to do this by 
compressing the dynamic range of speech on the audio channel in order 
to provide a higher average level of modulation, and expanding it at the 
receiving terminal to restore the original dynamic range. 

Compandors were installed at each terminal of the tropospheric 
scatter link so that they could be inserted into either channel as desired. 
A number of comparative tape recordings of speech and music were 
made with and without compandors on the link, under a variety of con- 
ditions of signal strength. The tests were made with full and reduced 
transmitter power, with and without diversity, in good and poor propa- 
gation conditions. A poor telephone line was simulated by reducing the 
energizing voltage on the telephone handset. The compandors were also 
tested with SSB modulation under poor propagation conditions extend- 
ing over a considerable time. 

It is difficult to come to a definite conclusion as to the results of the 
tests, as they relied on the subjective impression of the observers who 
listened to the comparative recordings. However, certain conclusions can 
be drawn. An improvement in signal-to-noise ratio was, in general, 
apparent from the use of compandors but in other respects the impres- 

i sion gained was unfavourable. The time constants of the expander and 
compressor were such as to operate within syllables of speech, and 
this tended to give a peculiarly clipped effect to the received speech. An 
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additional complication was introduced by the diversity combiner, 
which tended to suppress noise bursts and introduced a variable gain in 
the channel which affected the operation of the expander. It is not pos- 
sible, therefore, as a result of these tests, to arrive at an agreed opinion 
that compandors provide improved intelligibility. It would appear desir- 
able, however, that some means of maintaining an adequate level of 
modulation on weak telephone calls should be employed at the trans- 
mitter to enable the best signal-to-noise ratio to be obtained. A constant 
volume amplifier in each channel of the transmit path having a com- 
paratively long time constant would possibly provide the necessary 
improvement. The consequent lack of dynamic range at the receiver is 
unlikely to affect intelligibility seriously. 


4.4 TELEPRINTER OPERATION 

The short drop-outs which occur due to fading with tropospheric scatter 
propagation are a factor which jeopardize the operation of teleprinters 
on such circuits. Accordingly, trials were arranged using a teleprinter 
operating from frequency-shift VF telegraph equipment. Tests were con- 
ducted at various levels of tone into a channel and with reduced trans- 
mitter power to simulate condition of high path loss. It was found 
possible to obtain satisfactory copy with a tone level of — 18dBm into 
the two-wire point of the channelling equipment. (At —18dBm each 
telephone channel would accommodate seven telegraph channels.) 
Diversity working was, however, essential as the short bursts of noise 
occurring during fading would otherwise cause errors. Convincing 
demonstrations were made by operating the teleprinter with and with- 
out diversity (Fig.12). The improvement in transmission is very obvious 
for telegraph transmission, whereas on telephony the subjective im- 
provement is more difficult to assess. 


4.6 COMPARISON OF FREQUENCY MODULATION AND 
SINGLE SIDEBAND AMPLITUDE MODULATION 
The telephone channelling equipment used on radio links usually 
translates the audio speech bands to a series of single sideband signals 
at higher frequencies. This spectrum is then applied to a frequency 
modulator for transmission over the link. 
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An alternative method of transmission is to translate the spectrum 
appearing at the output of the channelling equipment to the required 
radiated frequency. 

For a 24-channel system using FM, the signal-to-noise ratio is 17dB 
better for channel 1 than for channel 24. Using SSB, all channels have 
the same signal-to-noise ratio, and this is 2dB worse than for FM on 
channel 24. (These calculations assume that the received signal level 
is above the threshold of the FM receiver; as the signal drops below the 
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(b) With diversity 


Fig.12. A comparison between diversity and single receiver working 
with teleprinter. Power 1kW. Received level—125dBW 
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threshold level, the signal-to-noise ratio will deteriorate at a greater 
rate in the FM case than with SSB.) The comparison of different modu- 
lation systems depends upon transmitter power. In the present com- 
parison the FM carrier power was assumed to be the peak power on 
SSB. This was the practical limitation for the transmitter klystron in 
use, but other types of valve may give higher peak power as linear 
amplifiers than under continuous output (FM) conditions. 

In order to compare the relative performance of the two systems, 
an SSB modulator and demodulator were developed for installation on 
the link. Practical filter design requirements necessitated that the 12-108 
kc/s channelling equipment output (or baseband) was translated to 
final frequency in several stages. Fig.13 shows the elements of the 
system (a pilot carrier was required to correct for frequency drift in 
the system). As diversity equipment was not available for SSB recep- 
tion, comparative tests between SSB and FM were performed without 
diversity in both cases. In practice the measured difference in signal-to- 
noise ratio was of the order indicated and subjectively there was little 
apparent difference between the systems. 

In order to provide comparisons under low-signal conditions when 
the received level was near the threshold of the FM receiver, the 
transmitter power was reduced. It was apparent that during a fade the 
signal would disappear for a longer period of time in the FM case than 
occurred with the SSB signal, but in other respects there was no apparent 
superiority of performance of the SSB over the FM. 


4.6 DIFFERENTIAL FADING 


The bandwidth that can be usefully employed on a tropospheric scatter 
circuit is limited by the range of frequencies over which the sidebands 
will fade simultaneously. In order to investigate this problem, provision 
was made to radiate two carriers simultaneously from the Start Point 
transmitter. These carriers, which were crystal-controlled, could be 
spaced up to 6 Mc/s apart. At the receiving terminal, both carriers were 
present in the head IF amplifier, after which they were separated by 
connecting the two high-speed recorder channels to the same receiver 
and tuning the oscillators in each frequency-changing circuit to select 
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3:2 PILOT 35-000 PILOT 
8 — 156 ke/s 208 — 356 kc/s 3-208 — 3-356 35-008 — 35-156 





200 ke/s PILOT 3-2 PILOT 


208 — 356 ke/s 3-208 — 3-356 35-000 PILOT 


35-008 — 35-156 


Fig.13. Block diagram of SSB modem 





the appropriate frequency. Examination of the fast recording chart 
indicated that up to 1Mc/s spacing, the two carriers faded simul- 
taneously, whereas with 2Mc/s spacing the received carriers were 
uncorrelated. 

As an alternative to analysing the correlation of the two signals by 
examination of the recorder chart, it was possible to feed the two 
carriers to a system of counters which recorded the number and length 
of fades in each case, and also the number and length of coincidence 
fades.* 

A further method of displaying differential fading was employed 
using the television frequency modulator to swing the frequency of the 
transmitter +%Mc/s at a frequency of 1000c/s. At the receiver the 
amplitude of the received signal was displayed using the discriminator 
output as a time base. The display showed that many of the deep fades 
affected only a small part of the passband and appeared to move across 
it. During aircraft ‘flutters’ two or three fades were observed in anti- 
phase, giving the overall display the appearance of a sine-wave. Very 
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rarely did the whole passband fade out simultaneously. The 1 Mc/s 
bandwidth free from selective fading agrees with the figure estimated 
from the length of the path and the aerial beamwidths. If a wider band 
is required, larger aerials should be considered. 


4.7 TELEVISION 
During May 1959, a test card picture from a monoscope and associated 
synchronizing generator was transmitted from Start Point. During the 
period of the tests (April/May 1959) the signals received at Galleywood 
were quite average. 

Frequency modulation was used for the television experiment because 
it was considered that fading would have a greater effect on an SSB 
transmission, and because the link could be more easily adapted for FM 
television. The maximum half-power bandwidth that the klystron in the 
transmitter could be adjusted to provide was in the region of 6 Mc/s. At 
the range of 200 miles this bandwidth would be subject to considerable 
differential fading. Despite this limitation it was decided to proceed with 
the tests. In order to use the restricted bandwidth to maximum ad- 
vantage the highest video frequency was limited to 2 Mc/s, and the peak 
deviation to 1Mc/s. With a 6Mc/s bandwidth and a receiver noise 
figure of 10 dB, the receiver threshold is —117dBW. A signal of — 110 
dBW at the receiver input will provide a picture with a signal-to-noise 
ratio of 11 dB (allowing the synchronizing-pulses to occupy 50% of the 
video waveform) and would appear to offer an inadequate fading mar- 
gin for a reliable television picture. A received level of — 100 dBW and 
upwards, however, would provide useable service. 

At an input level of — 110 dBW, the test card displayed on a monitor 
clearly exhibited the 2Mc/s bars, and although the fading caused 
momentary disappearance of the picture from time to time, a useable 
picture was available most of the time. The noise was not as apparent as 
one would expect, probably due to the fact that the larger part of the 
noise power was concentrated in the higher video frequencies. A certain 
amount of multi-path distortion was evident at times in the form of 
echoes. 
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At signal levels of — 100 dBW and above, the received picture became 
quite good although echoes still made their appearance and momentary 
disappearances of the picture still occurred, and bearing in mind that 
diversity was not used, the television tests were more successful than 
had been expected. Fig.14 (page 48) shows the received picture at 
Galleywood at various stages of a fade. The quality of the received pic- 
ture cannot be compared with that obtainable on line-of-sight links or 
lines, but may be acceptable in cases where tropospheric scatter is the 
only means of transmitting a television picture. The provision of an 
audio channel to accompany the television picture would, however, 
present some difficulty. The use of quadruple diversity would affect a 
considerable improvement in the reduction of fades; however, the 
design of a diversity combiner for television gives rise to a number of 
problems. 

4.8 AIRCRAFT FLUTTER 


It would be wrong to attribute too much importance to the fading 
phenomenon caused by multi-path propagation when the signal reflected 
from an aircraft interferes with the normal tropospheric scatter signal. 
This occurred very often during the working of the experimental link 
because the path passed through one of the highest aircraft density areas 
in the country, including both Farnborough experimental airport and 
London Airport. Despite the frequency of occurrence, the fading at no 
time threatened telephone intelligibility, and the diversity arrangement 
gave the same protection against aircraft flutter as against any other 
rapid fading due to multi-path propagation. On telegraphy the same con- 
siderations apply as for ordinary fast fading. 

The rapid fading associated with aircraft reflections occurs frequently 
with television broadcasting, and in this case the effect is observed when 
the aircraft is near to the receiving aerial. With tropospheric scatter 
transmissions however, the narrow aerial beams at transmitter and re- 
ceiver effectively confine the phenomenon to the areas in which the air- 
craft is in both of the beams simultaneously (i.e, the common volume). 
Calculation of reflected power indicates that this would be expected, and 
the observed maximum rate of flutter of about 20 cycles/second, com- 
bined with the likely maximum aircraft speeds, confirms this result. 
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Fig.11 includes a signal strength recording in which aircraft reflections 
produce very deep fading at times, indicating that the reflected signal 
was nearly equal to the normal tropospheric scatter signal. The beat is 
due to the relative change of path length due to the aircraft velocity; if 
the aircraft flies across the path, the flutter frequency drops to zero, 
rising again as the aircraft passes out of the other side of the beam. 

The movement of aircraft was observed with radar at the time when 
flutter occurred. It was often difficult to identify with certainty the air- 
craft causing a particular flutter, but several cases were observed when 
aircraft caused flutter when they crossed the beams near the mid-point 
of the path. A height finder was used to confirm that aircraft crossing 
the path at 40000 feet never caused the effect, being above the maxi- 
mum height of the beam. 

Observations with pulses radiated from Start Point and received at 
Galleywood showed that the received pulse amplitude fluttered in the 
same way as continuous radiation when an aircraft was present; double 
pulses were never observed. This confirms the suggestion that the air- 
craft must be in the same region as the scatter patch, since a reflection 
from outside this area would produce an observable path difference, 
with two steady received pulses. 


5 CONCLUSIONS 


The measured signal strengths obtained with this experimental link 
agree in the main with the predicted values. The median signal strength 
variation was as high as 80dB during the year, and receivers must be 
designed to handle this condition. 

With the aerial gains and transmitter power used, reliable communi- 
cation can be provided with a 24-telephone-channel system over a 200- 
mile path for 99% of the time, providing that diversity reception is used 
and there are no high obstructions in the terrain covered by the path. 
Experience in operating the link has proved a necessary preliminary to 
developing satisfactory production equipment, and in system planning. 
The results apply, of course, to operation in a temperate zone and do not 
necessarily apply to tropical or arctic regions. 
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For operational links it is desirable to use wherever possible a quad- 
ruple-diversity system using two transmitters and four receivers at each 
terminal. In addition to the improved performance due to high-order 
diversity, the reliability is greatly increased as half the equipment at 
each terminal operates as an active stand-by. 

The future application of tropospheric scatter communication is 
largely influenced by economic considerations. The highest quality 
communication will continue to be provided by line-of-sight links, where 
the path permits the installation of repeaters, but for paths over sea or 
inhospitable terrain, the quality provided for medium-capacity services 
by tropospheric scatter propagation should be adequate for most pur- 
poses. Although the aerials and high-power transmitters are more costly 
than for line-of-sight systems, the elimination of six or seven inter- 
mediate repeating stations provides a compensating saving, so that the 
cost difference may not be great. 
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Fur unsere deutschsprechenden Leser veréffent- 
lichen wir eine kurze Abfassung in deutscher 
Sprache von den Aufsdtzen, die in dieser Ausgabe 
erscheinen. 


SEITE 2 
STANDPUNKTE 


Transistoren stehen heutzutage sehr stark im 
Vordergrund des Interesses und fiir viele Leute 
haben diese Gerateteile eine fast mystische 
Bedeutung erlangt. Jedes Mal, wenn neue Gerate 
besprochen werden, ist die erste Frage: ‘Ist das 
Gerat mit Transistoren bestiickt?’ 

Es ist offensichtlich von Nutzen, Transistoren in 
transportablen Geraten einzubauen, oder sie dort zu 
verwenden, wo es auf niedrigen Stromverbrauch 
ankommt. Bei vielen festen Anlagen sind diese 
Uberlegungen nicht immer wichtig und die Benut- 
zung von Transistoren muss hauptsachlich im 
Hinblick auf die sich dadurch ergebenden anderen 
Vorteile untersucht werden. Wo es auf eine Ver- 
ringerung der Wartungskosten ankommt, kann die 
Benutzung von Transistoren ein niitzliches Mittel 
zur Erreichung dieses Zieles sein. 

Als Beispiel fiir diese Gedankengange in der 
Frage der Bestiickung mit Transistoren mag ein 
kommerzieller Empfanger angefiihrt werden, der 
fiir irgendein Frequenzband gebaut ist. Ein solcher 
Empfanger benutzt eine grosse Anzahl von Réhren 
in komplizierten Schaltungen. Diese Schaltungen 
befinden sich auf ziemlich grossen Chassis und diese 
Tatsache allein macht die Wartung zu einer 
schwierigen Aufgabe. Die Wartung kénnte viel- 
leicht vereinfacht werden, wenn die Anordnung 
der Schaltungen auf dem Chassis in einzelne Funk- 
tionseinheiten aufgeteilt werden kénnte, sodass 
damit die Fehlersuche und der Austausch von 
Ersatzteilen oder sogar von ganzen Einheiten 
vereinfacht wird. 

Wenn man diese Lésung mit Elektronenréhren 
anstrebt, so findet man, dass der Platzbedarf steigt. 
Daraus kénnen sich andere Schwierigkeiten 
ergeben. Bei sehr hohen Frequenzen ergibt sich 
durch die Unterteilung der Anlage in Funktion- 
seinheiten, von denen jede ziemlich gross sein kann, 
oft das Problem des Ubersprechens oder der 
Abstrahlung. 

Wenn jedoch Transistoren benutzt werden, 
kénnen die Einheiten mit ziemlicher Wahrschein- 
lichkeit sehr stark verkleinert werden. Der Form 
sowie der Anordnung der Einheiten sind dabei 
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weniger Grenzen gesetzt. Damit geben die Transis- 
toren dem Entwickler die Méglichkeit der Unter- 
teilung in kleine, kompakte Einheiten, von denen 
jede eine klar definierte Funktion in dem Gerat 
oder in der Anlage zu erfiillen hat. Ausserdem 
eignen sich Transistoren sehr gut fiir die Benutzung 
von kleinen gedruckten Schaltungen und in 
manchen Fallen auch von gedruckten Einzelteilen. 

Aus diesem Grunde eréffnet die Einfiihrung von 
Transistoren einen vollstandig neuen Weg in der 
Gerate-Entwicklung und zwar besonders im Hin- 
blick auf eine betrachtliche Verringerung der im 
praktischen Betrieb erforderlichen Wartung. Es hat 
wahrscheinlich wenig Sinn ein gegebenes elek- 
tronisches Geraét oder eine Funkeinrichtung von 
Elektronenréhren auf Transistoren umzustellen, es 
sei denn, dass sich dabei gleichzeitig vollstandig 
neue Gedankengange in der mechanischen Gestal- 
tung des Gerates ergeben. 

Trotzdem muss man bei der Umstellung auf 
Transistoren beriicksichtigen, dass die kleinen Elek- 
tronenréhren ausserordentlich zuverlassig sind und 
es ist unklug, ein bestehendes Gerat als iiberholt 
zu betrachten, es sei denn, dass die neue Konstruk- 
tion mit Transistoren einen wesentlichen Fort- 
schritt in Bezug auf verringerte Wartungskosten 
und erhéhte Zuverlassigkeit darstellt. Es geniigt 
nicht, dass zukiinftige Konstruktionen mit neuer 
Formgebung und mit Transistoren nur wenig besser 
sind als die zur Zeit benutzten. Der Fortschritt muss 
sO gross sein, dass sich daraus eine radikale Ver- 
besserung ergibt. 

An den Entwicklern und den Herstellern von 
erstklassigen Funkgeraten und Anlagen wird oft ein 
wenig Kritik geiibt, weil sie Transistoren nicht 
schneller einfiihren. Hierin kann man aber schon 
einen Teil der Antwort sehen. Es kann sehr leicht 
der Fall von ‘Mehr Hast—aber wenig Fortschritt’ 
eintreten. 


SEITE 4 


DAS ENDE EINES 
GESCHICHTSABSCHNITTES 


Die kiirzlich erfolgte Ubergabe des Marconi 
Eigentums bei Poldhu in Cornwall, im Siidwesten 
Englands, an den Nationalen Denkmalsschutz! 
(National Trust) mag durch einen kurzen Uberblick 





1 Der ‘National Trust’ ist eine private Institution, die im 
Jahre 1895 ins Leben gerufen wurde, um im Vereinigten 
K6nigreich Orte mit historischen Interesse oder natiirlicher 
Schénheit der Zukunft zu erhalten. 





62 POINT TO POINT TELECOMMUNICATIONS - 


iiber die Geschichte dieser weltberiihmten Funk- 
station gewiirdigt werden, welche friiher an dieser 
Stelle stand. Die ganze Geschichte dieser Station ist 
eng mit den Erfindungen, die Guglielmo Marconi 
auf dem Gebiet des Funkweitverkehrs machte, ver- 
bunden. 

Poldhu ist wahrscheinlich am meisten durch die 
Rolle bekannt geworden, die es bei der beriihmten 
Vorfiihrung von G. Marconi spielte, als er die 
Moglichkeiten des Funkweitverkehrs mit Lang- 
wellen fiir die Telegraphie-Ubertragung nachwies. Im 
Dezember 1901 wurden die von dort ausgesendeten 
Signale zum ersten Male auf der anderen Seite des 
Atlantik in St. Johns, Neufundland, empfangen. Dies 
geschah trotz eines Sturmes, der mehrere durch 
Drachen und Ballons getragene Empfangsantennen 
zerstérte und zur Benutzung eines Empfangers 
zwang, der selbst bei dem damaligen Standard 
primitiv war. Dieser Erfolg stand im direkten 
Widerspruch zu den Auffassungen vieler derzeitigen 
wissenschaftlichen Kapazitaten, einschliesslich 
Popoff, der den ‘Radiohorizont’ als Grenze fiir 
einen wirksamen Funkverkehr betrachtete. 

Die experimentellen Arbeiten an der Funk- 
iibertragung iiber den Atlantik mit Hilfe von Lang- 
wellen wurde in Poldhu bis 1905 fortgesetzt. Dann 
wurde daraus eine kommerzielle Telegraphen- 
Station mit einem kleineren Wirkungskreis, die mit 
Schiffen und anderen Marconi Stationen in Europa 
verkehrte. Das dstliche Ende der Transatlantik- 
verbindung wurde zu ungefahr dieser Zeit nach 
Clifden in Irland verlegt. Poldhu arbeitete bis Juni 
1922 in der gleichen Weise weiter, wobei die 
Regierung wahrend der Kriegsjahre die Kontrolle 
iibernahm. In dieser Zeit spielte die Station eine 
besonders wichtige Rolle bei der Ubermittlung von 
Anweisungen und Nachrichten an die Geleitziige, 
die britische Hafen anliefen oder verliessen. 

Im spateren Teil des Jahres 1922 begann in Poldhu 
unter der Leitung von C. S. Franklin eine Arbeit, die 
im September 1924 in Marconi’s dramatischer 
Entdeckung gipfelte, wonach eine Kurzwel- 
leniibertragung iiber interkontinentale Entfernun- 
gen wahrend der Tageszeit méglich war. Dies 
fiihrte im Jahre 1927 zu der Einrichtung der Kurz- 
wellen-Richtfunkanlage, welche die erste kommer- 
ziell erfolgreiche Nachrichtenanlage ihrer Art in 
der Welt war. Poldhu war sowohl die Sendestelle 
fiir die Ausbreitungsuntersuchungen als auch das 
Zentrum ausgedehnter Entwicklungsarbeiten an 
Antennen und Speiseleitungen. Die letztgenannten 
Arbeiten wurden bis kurz vor der endgiiltigen 
Einstellung des Betriebes im Jahre 1933 fortgefiihrt. 
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Besonders erwahnenswert ist die Tatsache, dass hier 
C. S. Franklin zum ersten Male koaxiale Kupferrohr- 
Speiseleitungen fiir die Verbindung zwischen 
Hochleistungssendern und Antennen benutzte. 


SEITE 15 


FERNMESSUNG UND FERNSTEUERUNG 
UBER RICHTFUNKVERBINDUNGEN 


von S. Skoumal 


Fernmessen und Fernsteuern sind zwei sich 
erganzende Tiatigkeiten, die zusammengenommen 
einen geschlossenen Kreislauf bilden. Sie sind im 
Betrieb von vielen modernen Anlagen von grosser 
Wichtigkeit. Die heutigen halbautomatischen 
Anlagen sind ein Schritt vorw4rts in dem Ubergang 
von traditionellen Arbeitsmethoden zu vollauto- 
matischen Anlagen, in welchen ein Rechenautomat 
ein normaler Bestandteil des Steuerkreises sein wird. 
Aus diesem Grunde ist es wichtig, dass die Fernmess- 
und Fernsteuegerate als Ubertragungsglied zwischen 
Rechenautomat und Anlage so konstruiert und 
gebaut sind, dass sie iiber Funkverbindungen oder 
Fernsprechschliefen zuverlassig arbeiten kénnen. 
Die Einfiihrung einer Ferniibertragung in den 
Steuerkreis unterwirft die ferngemessenen Informa- 
tionen und die ferngesteuerten Befehle besonderen 
Zufalligkeiten, die zusatzlich zu den rein betrieb- 
lichen Werten in Betracht gezogen werden miissen, 
wie z.B. Genauigkeit, Arbeitsgeschwindigkeit, 
Anpassungsfahigkeit, | Wirtschaftlichkeit, usw. 
Ausserdem miissen die Gerate die Fernmeldeanlage, 
iiber welche sie arbeiten, wirtschaftlich ausnutzen. 

Fiir die Fernmessung werden sowohl Analog- als 
auch Ziffern-Systeme benutzt. Wenn eine Fernver- 
bindung zwischen den Gerdten und dem Steuerraum 
eingeschaltet ist, dann sind Analog-Systeme ziemlich 
unpraktisch, weil sie eine begrenzte Genauigkeit 
besitzen und die Fernverbindung nur sehr unvoll- 
kommen ausnutzen. Ziffern-Systeme haben diese 
Nachteile nicht und ihre Anpassungsfahigkeit in der 
Anwendung und im Betrieb ist ein zusdtzlicher 
Vorteil. Ihre Anzeigegenauigkeit kann von der 
Lange der Zeichen abhangig gemacht werden. Die 
Technik der Fehlerfeststellung kann angewendet 
werden und der Ubertragungskanal kann voll 
ausgenutzt werden. 

Das Binar/Dezimal-Kodesystem ist zu empfehlen, 
wenn die Gerate einfach gehalten werden sollen, 
wahrend fiir die wirtschaftliche Ausnutzung des 
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Ubertragungsweges ein Zeitmultiplex-Verfahren 
angebracht ist. Die ferngemessenen Zeichen 
bestehen je nach der erforderlichen Genauigkeit 
gewohnlich aus 11 oder 15 Bits. Daraus ergibt sich 
eine Genauigkeit von 1 oder 0,1%. Fir die 
Ubertragung von kodierten Fernmesswerten oder 
Uberwachungssegnalen, die den Zustand der 
Anlage anzeigen, enthalt jedes Zeichen 8 oder 12 
Informationseinheiten (Bits). Die Information wird 
dann im Steuerraum angezeigt und aufgezeichnet. 

Die Geriate kénnen so konstruiert sein, dass sie 
jede Aussenstation der Reihe nach automatisch 
abfragen. Hierfiir wird der Start-Stop-Betrieb 
benutzt. Die Haufigkeit der Abfrage hangt haupt- 
sachlich von der Art der Anlage ab, die iiberwacht 
werden soll. Ein fiir jedes Anwendungsgebiet 
passendes Abfrage-Intervall Jlasst sich durch 
geeignete Gruppierung der ferngemessenen Werte 
und durch die Wahl eines Ubertragungskanals 
geniigender Bandbreite erreichen. 

Die Fernmess- und Fernsteuersignale k6énnen 
durch Tonfrequenzen iibertragen werden, die 
entweder einzeln den verschiedenen Fernsprech- 
kandlen tiberlagert werden oder auf der Basis von 
24 Tonfrequenzen je Sprechkanal zu Gruppen 
zusammengefasst sind. Die Wahl wird gewdhnlich 
durch die Anordnung der Anlage oder das vor- 
handene Fernmeldesystem bestimmt. Normale 
Tragerfrequenz-Gerate kénnen benutzt werden, 
wenn eine Ubertragungsgeschwindigkeit von 50 
Baud geniigt. 

Die Ubertragungsgenauigkeit von Systemen dieser 
Art ist iiberaus wichtig. Da die Ubertragungsgesch- 
windigkeit fiir Informationen normalerweise hoch 
ist im Verhaltnis zur Anderungsgeschwindigkeit in 
dem gesteuerten System, its eine Fehlerkorrektur 
nicht notwendig. Fehlerhafte Informationen kénnen 
dadurch ausgeschaltet werden, dass man zu jedem 
Zeichen einen ‘Paritatsimpuls’ (Parity bit) hinzu- 
fiigt. Fernsteuer-Befehle kénnen durch Riick- 
priifungen geschiitzt werden, die bei der Wahl des 
ferngesteuerten Punktes angewendet werden, bevor 
die Fernsteuerung in Tatigkeit tritt. 

Die Arbeitsweise wird in Verbindung mit einem 
typischen System in Abb.6 gezeigt. Der Informa- 
tionsinhalt der verschiedenen Messwerte wird durch 
Analog-Ubertrager geliefert, die fiir jedes Anwend- 
ungsgebiet anders konstruiert sind. Diese Informa- 
tion wird durch Analog/Ziffern-Umwandler oder 
durch Drehgeber fiir bindre Ziffern (Abb.7) in 
ziffernmassige Informationen umgewandelt. 

Die Informationen kénnen durch Messinstrumente 
in einer Schaltbildtafel oder auf Schreibgeraten 
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mittels Zahlenreihen-Anzeigegerate (Abb.8) dar- 
gestellt werden. Fortlaufende automatische 
Zahlendruckvorrichtungen kénnen ebenfalls einge- 
baut werden. 


SEITE 34 


EINE TROPOSPHARISCHE 
SCATTER-VERBINDUNG UBER 200 MEILEN 


von G. L. Grisdale und D. A. Paynter 


Um die praktische Anwendung der Ausbreitung 
iiber den Horizont hinaus vorzufiihren und ihren 
Wert zu bestimmen, wurde eine auf 858MHz 
arbeitende einfach gerichtete Versuchsverbindung 
zwischen Start Point in Devon und Galleywood in 
Essex tiber eine Strecke von 330km aufgebaut. Der 
Sender befand sich etwa 130m iiber Meeresspiegel. 
Der Funkstrahl iiberbriickte eine Seestrecke von 
gokm bevor er iiber Land weiter verlief. 

Die empfangene Endstelle in Galleywood befand 
sich etwa 80m iiber dem Meeresspiegel. Die Antenne 
zeigte einen Bruchteil eines Grades nach oben, 
damit der Funkstrahl die Hiigel am Horizont nicht 
beriihrte. 

Parabolspiegel von 1om Durchmesser wurden 
benutzt. Ein Spiegel befand sich bei der Sendestelle 
und zwei wurden bei der Empfangstelle eingebaut, 
um  doppelten Raum-Diversity-Empfang zu 
ermdglichen. Die Parabolspiegel, welche von Horn- 
strahlern angestrahlt wurden, hatten einen Anten- 
nengewinn von 36dB. Abb.z zeigt die Antenne in 
Start Point. Sowohl horizontale als auch vertikale 
Polarisation konnte benutzt werden. 

Der in Abb.4 dargestellte Sender von Start Point 
benutzte ein Klystron mit 4 Abstimmkreisen und 
einer Dauerstrich-Ausgangsleistung von 10kW. 
Zwei Steuersender standen zur Verfiigung, von 
denen einer mittels einer Reihe von Frequenzver- 
vielfachern aus 2MHz (seihe Abb.s5) die Steuer- 
frequenz von 858 MHz erzeugte, wahrend der andere 
diese Steuerfrequenz durch Mischung einer modu- 
lierten 25MHz-Zwischenfrequenz mit einem 
kristallgesteuerten Oszillator (siehe Abb.6) erzeugte. 
Ein normales 24-Kanal-Fernsprechsystem konnte fiir 
die Frequenzmodulation beider Steuersender 
benutzt werden. Zu Vorfiihrzwecken standen zwei 
Tonkanale zur Verfiigung. Die restlichen 22 Kanile 
wurden mit weissem Rauschen beshickt. Zusitz- 
lich dazu konnte die Mischeinrichtung einen 
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frequenzmodulierten Fernsehkanal und 24 Fern- 
sprechkandle in Einseitenband-Amplitudenmodula- 
tion verarbeiten. 

Die Empfangsanlage (Abb.8) umfasste zwei 
Empfanger, die in Raum-Diversity von zwei 
getrennten Antennen betrieben wurden. Jeder 
Empfanger enthielt eine Kristalldioden-Mischstufe 
mit einer koaxialen Ringschaltung, einen kristall- 
gesteuerten Mischoszillator, die Zwischenfrequenz- 
Verstarker und die Schaltung fiir Diversity- 
Umschaltung. Die empfangenen Signale wurden in 
Abhangigkeit ihres augenblicklichen Rauschver- 
haltnisses zusammengeschaltet. Dabei wurde das 
am Ausgang des Diskriminators auftretende 
Rauschen in einem Band oberhalb der héchsten 
Modulationsfrequenz verstarkt, und gleichgerichtet. 
Die damit erzeugte Spannung wurde als Vorspan- 
nung fiir eine Kathodverstarkerstufe am Ausgang 
jedes Empfangers benutzt. Die beiden Kathoden- 
verstarker benutzten einen gemeinsamen Kathoden- 
widerstand, an dem das kombinierte Signal auftrat. 
Bei richtiger Wahl der Vorspannung und des 
Signalpegels konnte eine Kombinations-Charak- 
teristik mit einem ‘quadrierten Verhaltnis’ erzeugt 
werden. 

Die Verbindung arbeitete in der Zeit vom Marz 
1958 bis Mai 1959. Die in dieser Zeitspanne 
erhaltenen gemittelten Pegel sind in Abb.1o 
dargestellt. Die Abb.g und 11 geben die Feldstarke- 
Aufzeichnungen an dem Empfanger wieder. Man 
hatte damit gerechnet, dass die héchsten Uber- 
tragungsverluste wahrend der Wintermonate 
auftreten wiirden. Dies war jedoch wahrend der 
Betriebszeit nicht der Fall. Ungewdéhnlich hohe 
Signalpegel wurden im Winter 1958/59 beobachtet. 
Dies muss wohl der hohen Luftfeuchtigkeit 
wahrend dieser Zeit zugeschrieben werden. Ein 
tangsam laufendes Schreibgerat arbeitete dauernd 
und ein schnelles 2-Kanal-Schreibgerat konnte in 
bestimmten Abstanden eingeschaltet werden, um 
die Struktur der Schwankungen auf jedem Uber- 
tragungswege darstellen zu kénnen (siehe Abb. 
und 11). Das langsam arbeitende Schreibgerat 
wurde von einem Verstarker mit logarithmischer 
Empfindlichkeit gespeist, in welchem eine Zeit- 
konstante von 20 Sekunden vorgesehen war. 
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In beiden Tonkanilen ergab sich eine zuverlassige 
Ubertragung wéahrend der ganzen Zeit. Die 
gemittelten Rauschzahlen des Kanals 24 (17dB 
schlechter als Kanal 1) sind ebenfalls in Abb.1o 
dargestellt. In Verbindung mit Diversity-Empfang 
war der Fernschreiberbetrieb zufriedenstellend 
(siehe Abb.12). Man konnte eine befriedigende 
Schrift bei einem Tonpegel von —18dBm am 
Eingang des Kanalgerates erhalten. Bei einem 
solchen Pegel kann jeder Fernsprechkanal sieben 
Fernschreibkanale aufnehmen. Die Benutzung von 
Kompandern zeigte eine Verbesserung des Rausch- 
verhaltnisses, erzeugte aber Verzerrungen und war, 
im allgemeinen gesehen, nicht zufriedenstellend. 
Die Benutzung von Kompandern bestiatigte die 
Ansicht, dass Verstaéarker mit konstanter Aus- 
gangsspannung im Sender benutzt werden sollten, 
um einen hohen Modulationspegel zu erhalten. 

Frequenzmodulationen und_ Einseiten-Ampli- 
tudenmodulation wurden miteinander verglichen. 
Die Frequenzmodulation schien jedoch im Gebiet 
des Empfanger-Schwellwertes besser zu sein Schnelle 
Signalschwankungen, die durch Flugzeuge erzeugt 
wurden, wurden haufig beobachtet. Dies hatte 
allerdings keinen Einfluss auf den Betrieb. Man ist 
der Auffasung, dass die Stérung dann auftrat, wenn 
das Flugzeug durch das Raumgebiet flog, in 
welchem sich die Strahlungskeulen der Sende- und 
Empfangsantennen schnitten. 

Eine Untersuchung der in  Galleywood 
empfangenen Signale zeigte, dass bei Ausstrahlung 
von zwei Tragern mit einem Abstand bis zu 1 MHz 
diese Trager gleichzeitig schwankten. Bei 2MHz 
Trager-Abstand waren die Signalpegel voneinander 
unabhangig. Trotz dieser Einschrankung wurden 
fiir Auswertungszwecke Fernsehbilder iibertragen. 
Das Signal von einer Monoskop-Kamera wurde zur 
Frequenzmodulation des Senders benutzt. Die 
héchste Modulationsfrequenz wurde auf 2 MHz und 
der grésste Frequenzhub auf 1MHz begrenzt. Bei 
einem Empfangspegel von —100dBW und mehr 
konnte ein zuverlassiges Bild empfangen werden, 
obwohl Mehrweg-Effekte und zeitweiliges Ver 
schwinden des Bildes gelegentlich auftraten. Bei der 
Fernsehiibertragung wurde kein Diversity-Empfang 
benutzt. 
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Presentamos este sumario de los articulos publica- 
dos en este numero, redactado en castellano es- 
pecialmente para nuestros lectores de _ habla 
castellana. 


PAGINA 2 
PUNTOS DE VISTA 


Los transistores aparecen mucho en las noticias de 
hoy en dia, tanto que para muchos han alcanzado 
a una importancia casi mistica. Cada vez que se 
habla de equipos nuevos, la primer pregunta que 
surge es: ‘tendrdn transistores?’. 

Su emplo en equipos portatiles o alli donde el 
consumo de potencia es de importancia es cosa 
obvia. Pero estas consideraciones no siempre son 
validas para instalaciones fijas, y el uso de tran- 
sistores deberfa considerarse en base a las otras 
ventajas que pueden obtenerse de ellos. Donde se 
busca reducir a toda costa la mantencidén, el 
empleo de transistores puede ser un medio util de 
lograr tal propdsito. 

Como ejemplo de este modo de ver la transistori- 
zacién, podriamos tomar el caso de un receptor de 
tipo comercial — que podria ser para cualquier banda 
de frecuencias. Tal receptor usa gran numero de 
valvulas, que trabajan en circuitos complejos. Las 
mismas est4n montadas en un chasis bastante 
grande, y esto de por si hace de la mantencién una 
tarea compleja. Probablemente se podria simplificar 
la mantencién con la disposiciédn de circuitos de 
uno cualesquiera de los chasis en forma de unidades 
funcionales, facilitando as{ los diagndésticos y 
haciendo mas facil el reemplazo de piezas o aun 
de unidades completas. 

Al tratar de hacer ésto con valvulas termidénicas, 
frecuentemente resulta un aumento del espacio que 
se precisa, y ello puede originar otras complica- 
ciones. Si las frecuencias son elevadas, la divisién 
del equipo en unidades functionales, cada una de 
las cuales es bastante grande, a menudo pone 
problemas de modulacién cruzada o de pérdidas. 

Si se usan, en cambio, transistores, entonces es 
mas probable el que se puedan reducir a pequefias 
dimensiones las unidades, y hay menos limitaciones 
en cuanto al formato y a la disposicién fisica de 
cada unidad. De esta manera los transistores le 


ofrecen al proyectista la oportunidad de dividir al 
equipo en pequefias unidades compactas, cada una 
de las cuales desempefia una funcidén bien deter- 
minada dentro del equipo o sistema. El uso de 
transistores también se presta admirablemente al 
empleo de pequefios paneles impresos con las 
conexiones y en ciertos casos también con las 
piezas del circuito. 

El advenimiento de los transistores, entonces, 
bién puede hacer factible un nuevo de encarar el 
disefio de equipos, con vistas a reducir considerable- 
mente la mantencién necesaria en los sitios de 
trabajo. Probablemente hay pocas virtudes en el 
hecho de encarer un aparato electrénico o de radio 
con miras a convertirlo del empleo de valvulas 
termidnicas a transistores, si al mismo tiempo no 
se encara de manera completamente nueva la 
cuestién de] formato mecdnico del equipo. 

Con todo, al cambiar a transistores conviene que 
recordemos que las pequefias valvulas termidnicas 
son sumamente confiables, y seria imprudente poner 
en desuso equipos existentes a menos que el nuevo 
proyecto a transistores ofrezca un adelanto pon- 
derable en materia de gastos de mantencién 
reducidos y una mayor confiabilidad. No basta con 
que los nuevos proyectos, en base a formatos 
mecdnicos modificados y a transistores, sean apenas 
algo mejores que los que se usan actualmente. El 
paso hacia adelante debe ser bien grande, uno que 
nos dé una mejora fundamental. 

Los proyectistas y fabricantes de equipos de 
radiocomunicaciones de alta calidad son criticados 
a veces porque no incorporan mds rdpidamente a 
los transistores. Con lo dicho creemos haber con- 
testado en parte a tales criticas: quien mas corre, 
menos vuela. 


PAGINA 4 
EL FINAL DE UN CAPITULO 


La reciente entrega de la ultima propiedad de la 
Compaiia Marconi en Poldhu, Condad de Cornwall 
en el sudeste de Inglaterra, al National Trust! se 
recuerda con una breve resefia de la historia de la- 





1 El National Trust (Bien Nacional) es una asociacién privada 
fundada en 1895 para preservar sitios de interés histérico o de 
belleza natural dentro del Reino Unido. 
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estacién de radio mundialmente famosa que 
anteriormente existia en dicha propiedad. A todo 
el largo de su historia la estacién estuvo estrecha- 
mente vinculada a los descubrimientos de Guglielmo 
Marconi en el campo de las radio-comunicaciones a 
larga distancia. 

Talvéz Poldhu sea mds conocida por la parte que 
desempefié en la famosa demostracién de Marconi 
acerca de las potencialidades a largo plazo de la 
radio en onda larga para transmisiones telegrdficas. 
En Diciembre de 1go1 las sefiales emitidas desde 
ah{ se recibieron por primer vez allende Atldntico, 
en St John’s, Terranova, a pesar de un huracan que 
destruy6 varias antenas sostenidas por barrilete y 
globo y del empleo forzoso de un receptor que era 
imperfecto atin para las normas de aquella época. 
Este éxito se consiguiéd en contradiccién directa de 
las opiniones de muchas eminentes autoridades 
cientificas del dfa, entre tales Popoff, quien con- 
sideraba que el ‘horizonte de la radio’ seria el 
limite des las comunicaciones efectivas. 

Los trabajos experimentales en recepcién y 
transmisién trans-atlanticas de ondas largas con- 
tinuaron en Poldhu hasta 1905, afio en que se con- 
virti6 en estaciédn radiotelegrafica comercial de 
funciones mas limitadas, en comunicacién con em- 
barcaciones y otras estaciones Marconi en Europa. 
El extremo este del eslabén trans-atldntico fué 
transferido por aquel entonces a Clifden, Irlanda. 
Poldhu siguiéd desempefiando tareas similares hasta 
Junio de 1922, bajo control del Gobierno durante 
el perfodo bélico, en que jugé un papel muy vital 
con el envio de instrucciones y noticias a los con- 
voyes que dejaban 6 se acercaban a puertos 
britanicos. 

Mas tarde en el afio 1922 se inicidé en Poldhu, bajo 
le direccién de C. S. Franklin, un trabajo que habfa 
de culminar con el dramatico descubrimiento de 
Marconi—en Septiembre de 1924—de la propa- 
gacién diurna de ondas cortas sobre distancias inter- 
continentales, y el establecimiento en 1927 del 
Short-Wave Beam System (sistema de haces a onda 
corta), el primer sistema de comunicaciones comer- 
ciales en su tipo en todo el mundo. Poldhu era, a 
la vez que estacién transmisora para las pruebas de 
propagacién, el centro de extensas tareas experi- 
mentales sobre antenas y sistemas de alimentacién, 
y siguid desempefiando este ultimo papel hasta poco 
antes de su clausura definitiva en 1933. Se destaca 
muy especialmente el hecho de que fué allf que 
C. S. Franklin usé por vez primera alimentadores 
coaxiles de tubo de cobre para conectar a trans- 
misores de alto poder con sistemas de antenas. 


PAGINA I5 


TELEMEDICION Y CONTROL REMOTO 
MEDIANTE ENLACES DE RADIO 


por S. Skoumal 


La telemedicién y el control remoto son dos 
funciones complementarias, que forman un lazo 
cerrado de control, de naturaleza esencial a la opera- 
cién de muchos tipos de planta modernos. Las 
plantas semi-automdaticas de la actualidad repre- 
sentan un paso en la transicién desde los métodos 
tradicionales de operacién a una planta completa- 
mente automatica, en que el computador ser4 una 
parte normal del lazo de control. Es por ello 
esencial que los equipos de telemedicién y control 
remoto sean disenados en forma de un enlace de 
comunicacién entre computador y planta, capaces 
de operacién segura sobre circuitos de radio o tele- 
fénicos. La intercalacién del enlace de comunica- 
cidén en el lazo de control expone a la informacién 
de telemedicién y a los controles de telecomando a 
riesgos adicionales que deben considerarse como 
agregados a las caracteriticas puramente func- 
ionales, como son la exactitud, la velocidad y la 
flexibilidad de operacién, el aspecto econédmico del 
equipo, etc. Por otra parte, el equipo debe ser 
capaz de usar econédmicamente al sistema de 
comunicaciones en el cual ha de operar. 

Para la telemetria pueden usarse sistema andlogos 
o digitales. En los casos en que el enlace de 
comunicacién va interpuesto entre el sistema y la 
sala de control, los sistemas andlogos pueden 
resultar poco practicos debido a su _ exactitud 
limitada y debido también a la manera prédiga en 
que se sirven de la senda de comunicaciones. Los 
sistemas digitales estan exentas de estas desventajas, 
y su flexibilidad de aplicacién es ventaja que se 
agrega a ellos; la exactitud de sus indicaciones 
puede hacerse una funcién del largo del cardcter, 
pueden aplicarse técnicas detectoras de errores, y el 
canal de transmisiones puede aprovecharse al 
maximo. 

El sistema binario-decimal es el recomendado por 
la simplicidad de su equipo, y el multiplex divisor 
de tiempo por su uso econdémico de la senda de 
transmisiones. Los cardcteres telemedidos general- 
mente consisten de 11 0 1g porciones, segtin la 
exactitud que se busca, y ofrecen precisiones de 
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1% 6 0,1%. Cada cardcter contiene 8 6 12 por- 
ciones de informacién, que envian ya sea lecturas 
de telemedicién en cédigo 6 las sefiales de super- 
visién que indican el estado de la planta. La infor- 
maci6on luego es indicada y anotada en la sala de 
control. 

El sistema puede disefiarse sobre la base de inter- 
rogacién automética por turnos de cada estacién 
remota. Para este tipo de sistema se emplea la 
operacién de arranque-detencién. La frecuencia de 
interrogacién depende mayormente del tipo de 
planta que se controla. Puede obtenerse intervalos 
de interrogacién aptos para cualesquier aplicacién 
mediante la agrupacién adecuada de las funciones 
telemedidas y mediante la seleccién de un canal de 
comunicaciones de _ capacidad  suficientemente 
elevada. 

Las sefiales de telemedicién y control pueden 
transmitters por medio de frecuencias de audio, ya 
sea superpuestas individualmente en distintos 
canales telefénicos o bien agrupadas en un conjunto 
en base a 24 tonos por canal oral. La seleccién 
depende generalmente de la disposicién de la planta 
y del] sistema de comunicaciones de que se dispone 
en cada caso. Puede usarse equipo normal de FV 
cuando son suficientes velocidades de transmisién 
de sobauds. 

La exactitud de la transmisién de sistemas de esta 
naturaleza es fundamental en todo sentido. Dado 
que la velocidad de transmisién de informacién es 
normalmente elevada en comparacién con la veloci- 
dad de cambios del sistema que se controla, la 
correccion de errores resulta innecesaria. E] rechazo 
de la informacién errénea se logra con el agregado 
de una ‘porcién de paridad’ a cada cardcter. La 
proteccién de los comandos de control remoto 
puede lograrse mediante un sistema de verifica- 
ciones revertibles que se aplican a la seleccién del 
punto controlado antes de la operacién del control. 

El] principio de operacién queda ilustrado por 
referencia a un sistema prototipo, tal como ilustra 
la Fig.6. La informacién acerca de los diversos para- 
metros proviene de transductores andlogos pro- 
yectados para cada aplicacién, y se la convierte en 
informacién digital mediante el conversor 
andlogo-4-digital, o bien mediante digitadores 
rotativos (Fig.7). 

La presentacién de la informacién puede 
realizarse mediante instrumentos que formen parte 
de un diagrama imitativo, por medio de grabadores 
a pluma 6 mediante indicadores ‘de alineacién’ 
(Fig.8). Se dispone ademas de facilidades para hacer 
anotaciones. 
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UN ENLACE A DISPERSION 
TROPOSFERICA SOBRE SENDA 
DE 200 MILLAS 


por G. L. Grisdale y D. A. Paynter 


A fin de demostrar y avaluar las aplicaciones prac- 
ticas de la propagacion sobre el horizonte, se 
establecié6 un enlace unidireccional experimental 
que opera en 858Mc/s entre Start Point, Condado 
de Devon, y Galleywood, en el Condado de Essex, 
una distancia de 330km. El transmisor se hallaba a 
unos 130metros sobre el nivel del mar, y el haz de la 
antena pasaba sobre 90km de mar antes de ir sobre 
la tierra. 

El terminal receptor de Galleywood estaba a 
unos 80metros sobre el nivel del mar, con el haz de 
al antena elevado en una fraccién de grado a fin de 
pasar por encima de las montaiias del horizonte. 

Se emplearon reflectores de plato parabdlico de 
diez metros, uno de ellos para el transmisor y otros 
dos en el terminal receptor, a fin de facilitar la 
recepcién diversificada sobre dos espacios. Estos 
platos, iluminados por alimentacién a bocina, tenfan 
una ganancia de 36dB. La Fig.z ilustra a la entena 
de Start Point. La disposicién permitia usar polari- 
zacién tanto horizontal como vertical. 

El transmisor en Start Point ilustrado por la Fig.4 
empleaba un klistrén de 4 cavidades, con una salida 
en onda portadora de 1okW. Se disponfa de dos 
excitadores, uno para suministrar la excitacién de 
858Mc/s mediante una serie de multiplicadores 
desde los 2Mc/s (ver Fig.5), y el otro por medio de 
la combinacién de una entrada modulada de FI a 
35 Mc/s con un oscilador local, controlado a cristal 
(ver Fig.6). Podia emplearse equipo telefénico stan- 
dard de 24 canales para excitar en frecuencia a uno 
de los dos excitadores. Se emplearon dos canales de 
audio, para fines demonstrativos, a la vez que a los 
otros 22 canales se les cargé con ruido blanco. Por 
otra parte, el sistema mezclador pod{a conducir tele- 
visi6n en FM y telefonfa de 24 canales en banda 
lateral unica, modulada en amplitud. 

El equipo receptor (Fig.8) comprendia a dos 
receptores funcionando en_ diversificacién en 
espacio desde antenas separadas, con mezclador a 
cristal tipo ‘rat-race’, oscilador local controlado a 
cristal, amplificadores de FI y sistema combinador 
de diversificacién. Las sefiales recibidas se com- 
binaban como a una funcién de sus relaciones in- 
stanta4neas de sefial/ruido, amplificando el ruido 
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presente a la salida del discriminador en una banda 
situada mas arriba que la frecuencia moduladora 
mas elevada, rectificandola y usando el voltaje 
resultante para polarizar a la carga catddica de la 
salida de cada receptor. Estas vdlvulas con d4nodo a 
masa compartian una carga catéddica comin, a 
través de la cual aparecia la seal combinada. Con 
la seleccién correcta de los niveles de polarizacién 
y de sefial era factible obtener una caracteristica de 
combinador ‘de relacién cuadrada’. 

El enlace operaé entre Marzo de 1958 y Mayo de 
1959. La Fig.1o muestra los niveles medianos 
obtenidos en ése periodo. Las Figs.9 y 11 ilustran los 
registros de potencia de sefial en el receptor. Se 
habfa pensado que la pérdida de senda mas sensible 
ocurrirfa durante los meses de invierno, pero ello no 
ocurrié durante el perfodo de las pruebas. Se regis- 
traron sefiales de magnitud poco comun durante el 
invierno de 1958/1959, probablemente por causa de 
la elevada humedad prevaleciente durante el 
mismo. Un _ registrador de movimiento lento 
funcioné continuamente, y a la vez se disponia de 
un registrador para dos canales, de movimiento 
rapido, el que se operaba a intervalos seleccionados, 
a fin de comprobar la forma del desvanecimiento en 
cada una de las sendas (ver Figs.9 y 11). El regis- 
trador con pluma de trazo lento era aliementado 
por un amplificador logaritmico con constante de 
tiempo de 20 segundos. 

Los canales de audio ofrecieron comunicacién 
confiable durante todo el perfodo. El nivel mediano 
de sefial/ruido del canal 24 (17db inferior al canal 
1) se ilustra también en la Fig.10. La operacién de 
teleimpresores fue satisfactoria con recepcién diver- 
sificada (ver Fig.12). Resulté ser posible obtener 
escritura satisfactoria con un nivel de tono de 


—18dBm a la entrada del equipo de canalizacién. 
A este nivel, cada canal telefénico puede llevar siet 
canales telegraficos. El] uso de ‘compandors’ (com- 
presores/expansores) dié por resultado una mejora 
de la relacién sefial/ruido pero causé distorsién, por 
lo que, en términos generales, se los considerdé poco 
satisfactorios. Su empleo confirmé la necesidad de 
usar amplificadores de volimen constantes en el 
transmisor, a fin de mantener un nivel elevado de 
modulacién. 

Se hizo una comparacién de la modulacién de 
frecuencia y de la modulaciédn de amplitud en 
banda lateral unica, pero con la excepcién del 
limite del receptor, la FM parecié ser la superior, Se 
observé frecuentemente vibracién producida por 
aviones, aunque la misma no desmejoré al servicio. 
Se cree que esta interferencia ocurriéd cuando los 
aviones pasaban a través del volimen de la inter- 
seccién de los haces de los reflectores transmisor y 
receptor. 

E] andlisis de sefiales recibidas en Galleywood 
mientras el transmisor emitfa dos portadoras indicé 
que, con espaciado de hasta 1 Mc/s, las portadoras 
se desvanecian simultd4neamente, pero con espaci- 
ado de 2Mc/s las sefiales no estaban correla- 
cionadas. A pesar de esta limitacién, se hicieron 
transmisiones de imagenes de televisién, para fines 
de avaluacién. Se usé una sefial proveniente de 
c4mera monoscopio para modular en frecuencia al 
transmisor. La frecuencia moduladora mas alta 
estuvo restringida a 2Mc/s y la desviacién maxima 
a 1Mc/s. Cuando el nivel recibido era de — 100dBW 
o mas, se recibid una imagen confiable, aunque 
ocurrieron efectos de multi-senda y desvaneciemien- 
tos momentdneos de la imagen de tanto en tanto. 
La recepcién diversificada no se usé para televisién. 
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Marconi in the 
Oil Industry 


Complete Telecommunications 
Systems for survey teams, refineries, 
pipeline control and ship-to-shore 
installations, including telephony, 
telegraphy and teleprinter networks. 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
SURVEYED - PLANNED - INSTALLED - MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M.C.1. 
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MARCONI 
microwave 
communication 
systems 








SURVEYED ips B PLANNED 
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WORLD LEADERS IN 
ALL TRAVELLING WAVE TUBE 
MICROWAVE SYSTEMS 
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HIGH PERFORMANCE 

Marconi microwave systems, with capacities from 60 to 960 channels, and capable of 
carrying high quality television, are designed to meet exacting international standards of 
performance with margins in hand. 


EXTREME SIMPLICITY 

Travelling wave tube techniques ensure extremely simple circuitry and make full use of 
high gain and great band width available. A unidirectional repeater consists of only three 
travelling wave tube amplifiers and one frequency change oscillator with their power 
supplies. 


GREAT RELIABILITY 

The use of travelling wave tubes in the repeaters has allowed considerable reduction in 
the number of valves and components used. Thus the likelihood of unexpected failure 
has been considerably reduced. 


EASY MAINTENANCE 

The design of the units ensures easy access to all parts of the equipment and the extensive 
use of printed circuitry allows speedy and accurate replacement of precision circuits by 
technician staff, without realignment of the equipment. 


EXTREME SAFETY 
All high voltages are fully interlocked. 


























The Post and Telegraph Authorities 
in more than 80 countries rely on High Capacity 


Mobile Microwave 


COMMUNICATIONS SYSTEMS 





MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
Hla 
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BIC Construction Company 
design, supply and install all 
types of Radio Masts and 
Towers for Telecommunication 
Schemes anywhere in the World. 





SEES PRET S35 


Current work for Marconi’s 

: SN csc television masts 1,000 
feet high for Carlisle 

and Blackhill 

(near Glasgow). 


MASTS & TOWERS 


for every type of Telecommunication System 


BRITISH INSULATED CALLENDER’S 
CONSTRUCTION COMPANY LIMITED 


30 LEICESTER SQUARE - LONDON WC2 








Member of the Group 











POINT TO POINT TELECOMMUNICATIONS - OCTOBER 1960 V 


the 
little 


speeds things up 
at the telegraph 
Switching centre 





Its full name is the Telegraph Tape Reading and Auto-number Sending Unit. 
For short, TAA. It takes up only 63” x 22” of bench space and is 9” high. The 
associated electronic distributor fits a 19” rack and is only 3}” high x 8}” deep. 
It has two tape readers arranged to transmit messages automatically and alternately 
together with many special features (more than any comparable unit). 

The TAA unit, developed and produced solely by Automatic Telephone and 
Electric Co. Ltd., is not only sure of a great welcome at switching centres— 
it’s also a real help in point-to-point work. 

Ask A.T.E. for more information about TAA. 


qs AUTOMATIC TELEPHONE & ELECTRIC CO. LTD 


STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 - TEL: TEMPLE BAR 9262 





AT 14031 
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MARCONI 


BETTER LOW POWER 
COMMUNICATIONS 





EFFICIENT 
RELIABLE 
SIMPLE 
LOW COST 
ECONOMICAL 
COMPACT 

FOOL PROOF 
TROPICALIZED 
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IB q Hs 92 400-500 WATT HF FSK TRANSMITTER 


For high grade circuits over short and medium 
distances. HS 92 can be used for facsimile or 
high speed telegraphy and can be keyed directly 
by a teleprinter or teletypewriter. Absolutely 
simple with completely protected tuning. 
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4 HSR 21 60 WATT HF SSB CRYSTAL 
CONTROLLED RADIO TELEPHONE 


For short and medium distances. 
The HSR 21 can incorporate a 
switchboard for up to three tele- 
phone extensions. Designed for op- 
eration by non-technical personnel. 





HS 22 
250-350 WATT ISB TRANSMITTER > 


For middle distance telephone 
operation. The HS 22 provides 
two independent telephone chan- 
nels. Absolutely simple with 
completely protected tuning. 


MARCONI 


COMPLETE COMMUNICATIONS SYSTEMS 
SURVEYED * PLANNED * INSTALLED * MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY 
LIMITED - CHELMSFORD - ESSEX - ENGLAND 





Vill 









Test Oscillogram 15 Kc/s Unmodu- 
lated Carrier showing good wave- 
form. 


Test Oscillogram 320 kc/s Carrier 
modulated at 400 c/s—audio source 
on lower trace shows fidelity. 


WIDE RANGE 
15 kc/s to 30 Mc/s on 15 ft. high- 
discrimination full-vision scale. 

CRYSTAL ACCURACY 

0.01% with built-in 1 Mc/s har- 
monic source. 

HIGH OUTPUT 
4 volts down to 0.4 microvolts. 


FLEXIBLE MODULATION 
Internal 400 and 1,000 c/s; ex- 
ternal 50-10,000 c/s within 1 dB. 

Also incorporated: Automatic 
level control, overall negative 
feed-back from r.f. output to 
modulation input, modulation 
monitoring by dual rectification, 
and variable impedance termina- 
tion with animated diagram. 








MARCONI! INSTRUMENTS LTD -ST. ALBANS: HERTFORDSHIRE 
TELEPHONE: ST. ALBANS 56161 
WORLD-WIDE REPRESENTATION 
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MARCONI 
INSTRUMENTS 





MARCONI 
Standard Signal Generator 


TYPE TF 867 





A signal generator also ideal 
as a video oscillator for wide-band 
television systems. 


















TC 107R 























